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\  ABSTRACT 

V 

t 

The  purpose  of  this  project  was  twofold:  first,  to  document  the 
evolution  of  atomic  clouds  during  the  TEAPOT  series  in  order  to  e 
the  rate  of  rise,  maximum  height,  vertical  depth  of  mushroom,  dimen¬ 
sions  of  stem  and  volume,  for  a  period  up  to  20  min  after  burst  when 
photographically  feasible;  second,  to  corrolatu  the  meteorological  data 
with  the  available  cloud  data  on  past  Nevada  test  series  as  veil  as  the 
TEAPOT  series.  Operating  commands,  in  particular  the  Strategic  Air 
Co— and  and  tfre -A* Defence  Orman  d,  have  Ittrilce.ted  n  need  fr-r  such  in¬ 
formation  r*^4tiv<^  to  offensive  and  defensive  tactics. 

Photographic  data  were  collected  and  analyzed  by  Edgerton,  Germes- 
hausen  &  Grier.  Army  Jfep  Service  participated  in  Shots  10,  11,  and  12 
to  check  out  a  photographic  met}  -d  of  cloud  volume  determination  by  a 
stereoscopic  procedure.  The  U,  :2.  Weather  Bureau  and  Air  Force 
Cambridge  Research  Center  effected  the  correlation  of  cloud  data  with 
atmospheric  parameters  and  made  theodolite  observations  of  cloud  rise 
and  height  on  each  shot.  Strategic  Air  Command  (froject  40.5)  photo¬ 
graphed  the  rising  cloud  from  directly  above  tie  burst  at  short  time 
increments  after  H-hr. 

_ _  Photographic  and  theodolit"  dBta  were  collected  on  14  shots.  An¬ 
alysis  of  weather  parameters  affecting  cloud  heights  attained  does  not 
suggest  any  clear-cut  definitions  with  the  exception  of  the  tropcp&ufte 


PC  REWORD 


This  is  one  of  the  reports  presenting  the  results  of  the  47  proj¬ 
ects  participating  in  the  Military  Effects  Tests  Program  of  Operation 
TEAPOT,  which  included  14  teat  detonations.  For  readers  interested  in 
other  pertinent  test  information,  reference  Is  made  to  WT-3153, 

Heport  of  the  Technical  Director,  Military  Effects  Program.  This”  sum-* 
mary  report  includes  the  following  information  of  possible  general 
interest . 

a.  An  over-all  description  of  each  detonation,  including  yield, 
height  of  burst,  ground  zero  location,  time  o.;  detonation, 
ambient  atmospheric  conditions  at  detonation,  etc.,  for  the 
14  shots. 

b.  Discussion  of  all  project  results. 

c.  A  summary  of  each  project,  including  objectives  and  results. 

d.  A  complete  listing  of  **  '  reports  covering  the  Military 
Effects  Tests  Program. 
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CHAPTER  1 
INTRODUCTION 


1.1  OBJECTIVE 


The  objective  of  the  overall  project  was  to  accumulate  complete  and 
accurate  cloud  data  and  correlate  these  data  with  yield,  height  of  burst, 
and  meteorological  information  in  orde  r*  to  derive  general  rules  relative 
to  the  evolution  of  an  atomic  cl<-ud.  Operating  commands,  in  particular 
the  Strategic  Air  Command  (SAC)  and  the  Air  Defense  Gonmand  (ADC),  have 
indicated  a  need  for  such  information  relative  to  offensive  and  defen¬ 
sive  tactics. 

1.2  BACKGROUND 

1.2.1  Past  Cloud  Measurements,  Hiatory 

According  to  available  reports,  initial  collection  of  atomic 
cloud  rise  and  height  data  was  a<-  =T.pt«d  at  the  SANDSTONE  tests  (April, 
1948)  by  means  of  manually  controlled  theodolites.  1/  This  project  was 
organized  by  the  Task  Group  with  the  cooperation  of  the  Air  Force,  Navy, 
and  Weather  Bureau. 

Hiring  the  RANGER  series  (Jan-Feb,  1951)  toe  Air  Weather  Service 
(AWS)  made  additional  theodolite  measurements  documenting  cloud  rise  and 
height.  5/ 

In  April,  1951,  during  the  GREENHOUSE  series,  cameras  were  first 
utilized  to  accumulate  cloud  information,  and  a  theoretical  study  was 
completed  by  Kellogg,  et  al.  3 / 

Hiring  the  BUSTER-JANGLE  series  (Oot-Nov,  1951)  further  theod¬ 
olite  measurements  were  completed  by  the  AWS  */,  and  Edgerton  Germes- 
hausen  &  Grier  (EG&G)  used  camera  equipment  for  cloud  documentation 
from  stations  less  than  10  miles  from  burst  point, 

Hiring  the  TUMBLER-SNAPPER  series  (April-Miy,  1952)  the  A..b  again 
made  cloud  measurements  by  means  of  theodolites.  5/  Because  of  the  low 
priority  to  cloud  information,  photographs  by  EG&G  were  taken  only  for 
30  sec,  primarily  for  an  Atomic  Energy  Commission  (AEC)  interest  rather 
than  total  cloud  evolution. 

In  November,  1952,  at  the  IVY  Beri.es,  EG&G  utilized  cameras 
based  on  land,  ships,  and  aircraft  to  document  the  cl  --id  history.  £/f 2/ 
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During  the  UPS  HUT  -K  NOT  HOI  ,F.  tests  (Mar-Jun,  1953)  both  the  AWS 
with  theodolites  6 /  and  EG&G  by  means  of  camera  stations,  2J  documented 
the  cloud  growth. 

On  the  CASTLE  series  (Jfer-May,  1954)  EGAC  again  used  land-,  3ea-f 
and  air-based  operas  to  obtain  photographic  cloud  data.  P/ 

1.2,2  Past  Cloud  Measurements,  Evaluation 


In  correlating  the  existent  cloud  data,  it  was  believed  wise  to 
consider  initially  the  Nevada  Test  Site  (NTS)  data  exclusively  before 
including  the  Pacific  Proving  Grounds'  cloud  data,  the  bulk  of  which  i.e 
in  the  megaton  yield  category.  In  revising  the  available  records  of 
cloud  data  collected  at  the  Nevada  site,  it  was  discouraging  to  note 
that  only  nine  shots  out  of  greater  than  30  demolitions  offered  cio-.d 
rise  and  height  data  which  could  be  considered  reliable.  The  definition 
"reliable"  would  depend  upon  the  applicability  of  the  data  for  a  corre¬ 
lation  study  of  effects  of  yield,  height  of  burst ,  and  meteorological 
parameters  on  the  cloud  evolution.  The  major  reasons  for  the  paucity  of 
data  were  as  follows:  (l)  single  camera  station  data  did  not  offer  suf¬ 
ficient  reliability,  primarily  due  to  rr  drift  correction  when  the  cloud 
vectored  toward  the  camera;  (2)  thcodoxite  data  did  not  afford  suffici¬ 
ent  accuracy  because  of  manual  operation;  and  (3)  when  both  the  camera 
and  theodolite  data  were  .available,  in  some  cases,  there  were  large  dif¬ 
ferences  in  data  values. 

In  report  AFSWV  501,  the  lj7.*»ur  relationship  of  the  cloud  height 
vs  log  yield  is  presented  for  all  ..-.hots  prior  to  tr.s  spring  1953 
series.  13/  After  adding  UPSHOT-,. 'A A  HOLE  data  based  upon  AWS  and  EG&G 
records,  the  standard  error  from  the  above  curve  wu3  4300  ft. 

Thus,  it  wa3  apparent  that  thorough  and  accurate  cloud  date  were 
required  to  permit  a  careful  analysis  of  the  importance  of  meteorological 
effects  and  initial  conditions  on  ..loud  evolution. 

1.3  THEORY 

1.3.1  General  Considerations 

The  evolution  of  the  stabilized  atomic  cloud,  vhilr  s  lex,  must 
obey  the  physical  Laws  governing  the  heat  lo3S  and  atmospi,  '  processes 
which  determine  the  history  of  a  heated  bubble  of  air.  In  particular, 
it  is  likely  that  the  main  reduction  in  temperature  in  the  fireball 
stages  results  from  radiative  loss  and  that  the  atmosphere  plays  essen¬ 
tially  no  role  during  these  early  periods.  The  atmosphere  becomes  im¬ 
portant  in  reducing  the  mean  temperature  of  the  cloud  in  three  ways: 
first,  in  producing  an  expansion  of  the  atomic  cloud  as  it  rises;  second, 
in  providing  cooler  air  to  entrain  into  the  atomic  cloud,  a  i  thi.. } ,  in 
determining  the  rate  ut  which  the  .atmosphere  reduces  its  bi  'arcy.  The 
decrease  of  pressure  with  height  is  almost  the  same  for  all  -  atmospheres 
and,  at  present,  it  i3  felt  that  the  cloud,  rather  than  the  atmosphere, 
determines  how  much  air  is  being  entrained.  It  is  inly  in  rospe-t  to 
the  third  item  (which  is  essentially  the  atmosphere's  lapse  l-ate  of  tem¬ 
perature)  that  there  i3  a  real  varieties  from  shot  to  ~hwt.  The  probable 


14 

SECRET  -  RESTRICTED  DATA 


control  of  the  atmosphere  jver  the  maximum  rise  of  the  atomic  cloud 
through  the  lapse  rate  is  illustrated  by  larg  >  numbers  of  clouds  which 
stop  at  t.He  trjpopauue,  by  the  several  low-yietd  shots  which  stopped 
at  inversions  in  the  tropo sphere,  and  by  the  horizontal  layers  of  the 
stem  material  balow  stable  layers. 

The  discussion  mentioned  above  is,  strictly  spea^inG,  applicable 
to  a  dry  atmosphere.  The  moisture  (in  vapor  rtate)  entrained  in  the 
lower  levels  is  of  the  order  of  1  to  10  grams  per  kilogram  of  air  which 
condenses  at  the  lower  temperatures  of  the  upper  atmosphere  to  release 
about  600  calories  of  heat  for  each  gram  of  w  ter  vapor,  For  Nevada 
shots  the  releases  of  this  amount  of  heat  probably  does  not  exceed  an 
additional  0.1  KT  of  energy,  but,  in  the  case  of  Pacific  shots  where 
the  moisture  content  of  the  air  is  much  high  r,  this  may  be  much  more 
important. 

In  describing  the  evolution  of  an  atomic  cloud  there  are  many 
features  which  are  of  interest,  Among  those  are:  the  absolute  top  of 
the  cloud,  the  top  of  the  body  ri  the  cloud,  the  center  of  gravity  of 
the  mushroom,  the  base  of  the  mushroom,  the  bases  and  tops  of  layers 
(if  any)  of  the  stem,  the  width  of  the  mushroom  and  stem,  the  volume 
of  the  mushroom  and  stem,  and  the  delineation  of  the  radioactivity 
within  the  visible  cloud.  Unfortunately,  onlv  the  top  of  the  cloud  has 
been  systematically  observed  duiing  each  of  we  tests.  The  other  items 
have  been  investigated  during  only  a  limited  number  of  the  shots.  Con¬ 
sequently,  theories  have  been  promulgated  and  tested  on  the  maximum 
rise  of  the  cloud  only. 

Two  reasonable  approaches  rj0  th9  predict -or.  of  cloud  heights  are: 
first,  one  can  develop  formulae  union  purpo^  to  expresu  the  physical 
processes  involved  in  the  rise:  and  second  may  compute  regression 
equations  in  which  certain  meteorological  .ur.atior.  feature j  are 

the  independent  variables. 

1.3.2  Current  Theories 

Two  ways  in  which  one  might,  predict  the  maximum  rise  of  the 
cloud  are:  First,  one  might  attempt  to  determine  the  deration  at 
which  the  cloud  and  environment  ore  at  the  soir"’  tempera ture  plus  as¬ 
suming  a  negligible  amount  c**  ‘'overshooting11  of  the  level  o.  no  further 
buoyancy;  second,  one  iiugh1-.  as  sum*,  that  tht  ;loud  height  attained  is 
equal  to  th-.  computed  upward  notion.  While  the  latter  approach  appears 
to  be  far  more  reasonable,  it  requires  a  knowledge  of  the  resistance  of 
the  atmosphere  to  the  upward  motion  of  the  cloud  mass,  a  feature  which 
is  known  very  imperfectly. 

There  are  in  existence  three  published  thooriea  of  the  maximum 
rise  of  the  cloud,  two  of  which  yield  similar  results. 

(1)  Taylor  22/  has  suggested  a  theory  in  which  the  rate  *  ar.- 
trainm  of  air  into  the  stir  face  of  the  oloud  is  represented  by  du, 
where  a  is  the  entr-iiiiment  factor  and  u  is  the  upward  speed  of  the 
cloud.  Siddone  ”/  showed  how  the  resistance  of  the  air  could  be  in¬ 
corporated  with  Taylor’s  formulation  of  the  rise  cf  ?.  heated  bubble. 

(2)  Sutton  2£/  prepared  a  theory  of  the  rise  of  a  elouu  :>ased 
on  his  diffusion  theory. 
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(3)  Machta  11/  devised  a  formula  of  the  maximum  height,  aarturaing 
that  the  percentage  rate  of  entrainment  per  unit  height  is  a  constant 
over  a  Riven  height  interval. 

All  cf  the  theories  incorporate  the  effects  of  the  expansion  of 
the  cloud  as  it  rises  through  the  use  of  the  potential  rather  than  the 
actual  temperature. 

Tabic  1.1  gives  the  formulae  of  Taylor,  Sutton,  and  Machta  for 
the  maximum  rise  of  a  heated  bubble  through  the  atmosphere.  Column  1 
gives  the  formula  for  the  height  at  which  the  cloud  is  no  longer 
buoyant,  whereas  Column  II  provides  the  height  at  which  the  upward 
velocity  ceases. 

It  should  be  noted  that  only  the  Taylor  resistance  equation  in 
Column  IX  incorporates  the  resistance  of  the  air  to  the  rising  cloud. 

The  Sutton  and  Machta*  formulae  do  not.  Further,  the  value  of  used 
in  Taylor's  formula  must  be  admitted  to  be  quite  uncertain. 

It  is  possible  to  oompute  the  height  cf  the  cloud  in  stepwise 
fashion  to  eliminate  the  need  to  keep  such  quantities  as  the  density 
constant  through  a  great  depth  of  the  atmosphere. 

All  of  the  formulae  suffer  from  e  lack  of  knowledge  of  the  resid¬ 
ual  energy  of  the  explosion  which  provides  the  heat  for  the  buoyancy. 

The  Taylor  and  Sutton  formulae  already  have  converted  this  energy  into 
a  temperature  rise  which  has  not  been  done  in  the  Machta  formula.  In 
each  of  the  formulae  there  is  one  r;,„.in  quantity  which  determines  the 
rise.  ThiB  is  the  entrainment:  a  >n  the  case  of  Taylor's  formula,  C 
in  the  case  of  Sutton's  and  dltyU  Ja  in  the  oase  of  Machta' a.  In  each 
formula  this  quantity  dominates  a..j  others,  and  is  each  oase,  it  is 
felt,  the  applicable  value  is  proudly  known  with  great  uncertainty. 

Each  formula  derives  its  entrainment  rate  from  other  measurement o  of 
atmospheric  phenomena  and  the  authors  show  that  tnnh  of  the  resulting 
answers  is  not  unreasonable.  It  might  also  be  pointed  out  that  the 
exponent  in  the  Sutton  equation  f*r  reasonable  values  of  the  pertinent 
parameters  is  about  the  same  as  that,  in  Taylor's  equation. 

One  should  expect  the  heighta  achieved  by  the  formulae  in  Column 
II  to  bo  appreciably  greater  than  those  in  Column  I,  since  tne  cloud 
still  has  an  upward  velocity  when  it  no  longer  is  lighter  than  the  en¬ 
vironment.  While  it  must  be  true  that  the  cloud  "overshoots"  the  level 
of  no  buoyancy,  the  magnitude  of  such  overshooting  ia  not  felt  to  be 
from  20,000  to  54,000  ft,  as  one  computation  of  the  two  Taylor  equations 
indicate.  Nevada,  the  sinking  of  the  cloud  within  the  first  15  min¬ 
utes  after  initial  stabilization  rarely  exoeeds  5000  ft  and  part  of  the 
subsidence  of  the  top  may  be  due  to  factore  other  than  the  overshooting 
(e.g.,  sinking  of  particles,  descending  atmospheric  motion,  etc.). 

Certain  general  conclusions  can  be  derived  from  all  of  the 
formulae : 

(l)  The  cloud  rise  is  sensitive  to  the  entrainment  and  i"  ''eas 
sensitive  to  the  energy  yield  of  the  device  or  temperature  excess  of  the 
fireball. 


*  The  maximum  rise  of  the  cloud  using  the  level  of  n?  further  juotion 
was  not  promulgatod  by  Machta  nur  Sutton  but  is  giv<\n  in  Ref.  i'/. 
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(2)  The  main  defect  in  the  use  of  motion,  rather  than  the  level 
of  no  buoyancy  as  the  measure  of  maximum  height,  lies  with  the  lack  of 
knowledge  of  the  resisting  action  of  the  atmosphere.  The  height  pre¬ 
dicted  by  the  formulae  at  which  there  are  no  longer  any  buoyancy  effects 
is  too  low,  but  whether  this  is  a  thousand  feet  or  sc  as  the  present 
authors  believe,  or  24,000  ft  as  deduced  by  Cohen,  ~2/  is  still  unproved. 

(3)  The  formulae  would  more  correctly  predict  the  height  of  the 
center  of  the  mushroom  rather  than  the  tops,  even  though  many  of  the 
verifications  have  been  applied  to  the  cloud  tops  since  these  were  all 
that  were  available. 

TABLE  1.1  -  Application  of  Theory  of  Cloud  Evolution  by  Taylor, 
Sutton,  and  Ilachta 

Column  I  Column  II 

(Buoyancy)  i  Vertical  Velocity) 


Taylor  11 4^-,] 
\rrpa(3a-j 

Taylor-resistance 


„  r  m  i  1/4 

r  3K(7+C r/2c  1 
{jrpcrftal  (3+Ci/2a;J 


Sutton  H  = 


11  =  r(an*2p)g  1  40  +  (JB  ,  tijl 

L47T  pa<Pf)p\  Urr/xr^fl  (5nn-2)p  . 

[  l£l4  AP  J|  Solution  of  Equation: 
U  _1_  log,,  1  *  I'lpi  -  2  11 

'  It  0 

Je0 


2/(3m  +  2p) 


Where  H  =  height  of  ulouu  above  level  at  which  fireball  radiation 
effects  become  negligible 

E  =  heat  energy  available  to  raise  the  temperature  of  the  cloud 
for  buoyancy 

g  =  acceleration  due  to  gravity 

p  -  density  of  cloud  (a  mean  value  along  the  cloud  ascent) 

£  =  potential  temperature  lapse  rate  of  the  air 
a  1  entrainment  rate  of  Taylor’s  theory  (C.2) 

Cq=  drag  coefficient  (suggested  value  in  range  0.5  to  1.0 
m  =  a  stability  factor  in  Sutton's  diffusion  theory  (suggested 
value  =  7/4) 

a  -  specific  heat  of  air  at  constant  pressure  (0.2?  cal /gm/°K) 
p  =  exponent  in  a  formula  for  potential  temperature  graven  e 
which  is  of  the  form  zP  (»ir;*nally  p=  1) 


17 

SECRET  -  RESTRICTED  DATA 


(l/t.(  3  vjd  ~)  -- 
A0O  . 

u(o)  = 
So  = 


percentage  rate  of  mass  M  entrainment  por  unit  height  z, 
a  constant 

potential  temperature  excess  of  cloud  over  environment 
at  time  when  radiation  effects  are  negligible 
upward  speed  at  the  level  at  which  the  radiation  no 
longer  is  important 

potential  temperature  at  level  at  which  radiation 
effects  are  negligible 


To  solve  the  integral  in  Column  II,  use 


A  8  = 


AS. 


$ 

■  TTy. 
■R  'd  i 


-  ^  d_M  p 

>  k  3  z  ..  tts 
EJV 


1.3.3  lAiplrical  Formulae 

If  one  has  many  cases  of  the  rise  of  clouds  under  different 
weather  conditions ,  one  may  select  the  most  likely  feature  of  the  at¬ 
mosphere  and  the  physical  parameters  which  determine  the  maximum  rise 
of  the  cloud  and  empirically  determine  a  formula  which  predicts  the 
rise.  The  AWS  group  at  Ios  Alamos  -oientifio  laboratory  (LASL)  has  done 
this  with  the  following  results  au  of  the  present. 

For  1  to  10  KT  shots  both  icuer  and  air  bursts* 

y  :  17t  2.16X1  -  5.43*2  +  0.34x3 

where  Y  =  amount  of  rise  of  cloud  'lCOO'o  of  ft) 
xl=  yi®ld  in  kJlotons 

x2=  departure  (in  °C)  of  actual  lapse  rate  from  th*  adiabatic 
lapse  rate  (mean  of  50-mb  increments)  from  850  mbs  to  cloud 
top 

X3  =  mean  wind  in  knots  in  layer  through  which  cloud  rises 
For  air  bursts  (10  to  60  KT) 

Y  =  29.73  -  0.1098X1  -  0.0724x2  -  1. 7681x3  +  2.l863x/  - 

0.485 2x5 

For  300-ft  tower  b  rsts  (10  to  50  KT) 

Y  =  31.9436  +  0.0202x?  -  0.0849x2  -  5  3230x3  4-  0.5767x4 

where  Y  =  maximum  height  (10001 s  of  ft  above  KSL) 

xi=  yield  in  kilotons 

x2=  mean  wind  in  mots  from  10,000  to  35,000  ft  in  5000- 
ft  increments 


*  Ilowgarden  and  Spohn,  LASL,  unpublished. 
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X3  =  departure  (in  °C)  of  actual  lapse  rate  from  the 

adiabatic  lapse  rate  (mean  of  50-mb  increments)  from 
600  to  400  mbs 

X4  :  height  of  tropopause  (1000's  of  ft  above  M3L) 

X5  =  height  of  burst  (1000's  of  ft  above  ground) 

The  dafsets  in  use  of  empirical  formulae  are  twofold:  first 
the  parameters  which  are  used  in  the  regression  equation,  while  probably 
applicable,  may  not  necessarily  affect  the  height  in  a  linear  relation¬ 
ship,  and  second,  the  regression  equations  use  only  the  easily  deter¬ 
mined  meteorological  parameters  rather  than  such  terms  as  entrainment 
or  superheat,  directly  related  to  theoretical  endeavors  to  solve  the 
cloud  rise  problem. 

In  the  present  state  of  atomic  cloud-top  predictions,  tVre  r 
definite  place  for  regression  equations,  but  they  should  he  used  with 
caution  and  modified  vhon  contradictory  to  the  sense  of  the  theory. 

1.3.4  Past  feta  vb  Theory 

Ifcta  concerning  cloud  evolution  collected  through  the  spring  cf 
1953,  at  Nevada,  do  not  appear  to  support  the  theory  except  when  viewed 
in  a  broad  pioture.  It  is  to  bo  expected  that,  since  meteorological 
conditions  are  selected  at  random  with  respect  to  oloud  evolution,  one 
ought  to  find  a  clear  increase  5r.  cloud  height  with  yield,  'eoondly, 
there  should  be  a  predominance  o  clouds  which  atop  slightly  above  the 
tropopause,  sinoe  the  stratosphere  stability  should  inhibit  further 
rise. 

Prior  observations  do,  in  fact,  show  that  dovicos  with  yields 
over  approximately  15  KT  rise  appreciably  higher  than  those  below 
approximately  15  KT,  Figure  1.1  indicates  past  cloud  rises  compared  to 
yield.  In  the  lower  range,  up  to  15  KT,  the  theory  is  qualitatively 
verified  by  a  general  increase  in  cloud  rises  with  yield.  However., 
above  about  15  KT  (and  up  to  about  60  KT)  the  data  suggest  that  the 
amount  of  rise  of  the  cloud  top  is  almost  independent  of  the  yield  of 
the  device.  In  fact,  the  amount  of  rise  in  this  yield  range  appears 
to  be  uncorrelated  to  anything  thus  far  studied.  This  condition  re¬ 
sulted  in  the  curious  fact  that  the  use  cf  a  fixed  altitude  (l.e., 
average  height  of  t-'opopuasey  as  the  stopping  point  fur  UTS  HOI-KNOTHOLE 
clouds  in  the  15  to  60  KT  range  was  superior  to  the  existing  regression 
equations  prepared  from  pre-UPS HOT-KNOTHOLE  information. 

Study  of  the  relationship  between  the  tropopause  and  the  maximum 
rise  of  the  cloud  in  this  range  of  yields  improved  the  situation  only 
slightly.  Above  about  40  KT  all  oloud  tops  entered  the  stratosphere 
by  the  same  amount,  while  below  40  KT  the  stratospheric  penetration 
failed  to  correlate  with  yield. 

It  is  felt  that  there  probably  does  exist  some  significant  con¬ 
trol  by  the  atmosphere  on  the  maximum  height  of  the  clouds  accounting 
in  part  for  their  differences,  A  review  of  the  probable  reasons  for 
failure  to  detect  any  such  control  suggests  the  poor  quality  of  the 
oloud  evolution  observations  as  the  cause. 
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One  of  the  most  interesting  shots  of  the  TEAPOT  series,  relative 
to  atomic  cloud  growth,  was  the  3&»600  t  300-ft  burst  of  a  small  KT 
weapon. 

Since  it  was  anticipated  that  the  burst  height  would  piKoe  the 
weapon  in  the  stratosphere  rather  than  the  troposphere,  two  new  condi¬ 
tions  were  now  introduced:  (l)  air  density  was  lower  by  a  factor  of  4 
compared  to  surface  conditions;  and  (2)  the  atmospheric  lapse  rate  be¬ 
came  almost  isothermal,  resulting  in  far  greater  stability. 

Primarily  beoauae  of  the  sampling  problem,  much  interest  was 
directed  to  the  anticipated  maximum  cloud  height.  Meteorologically, 
the  problem  was  fascinating  because  of  the  new  environment  of  the 
stratosphere  in  which  the  atomic  cloud  would  evolve. 

Kellogg  oi  the  Rand  Corporation,  at  the  request  of  Air  Force 
Cambridge  Research  Center  (AFCRC),  considered  thia  problem.  }£J  An  as¬ 
sumption  was  made  that  the  fir  shell  radius  is  inversely  proportional 
to  the  air  density.  In  this  case,  greater  heat  would  be  used  up  ini¬ 
tially  to  heat  the  greater  mass  of  air  and  the  initial  vertical  accel¬ 
eration  would  deereaa*,  In  addition,  the  previously  mentioned  hbohta 
equation  (Table  1.1,  Column  I)  was  utilised.  The  entrainment  factor 
^  is  relatively  insensitive  to  yield  and  can  be  given  a  numeri¬ 
cal  value  cf  2  x  10*3  to  3  x  10"’.  The  stability  term  \(3)  i*  veil 
known  in  the  stratosphere  and  equals  10  x  I0“3nr*.  The  possible  range 
of  initial  superheat  (  A  9  )0  i»  qu^te  large  and  probably  varies  be¬ 
tween  6OC0K  to  2000OK.  By  further  simplifies  tior  cf  the  above  equation, 
a  ratio  is  set  up  comparing  troposphPTic  with  sbrniuspher* c  terms.  The 
results  suggest  that  the  oloud  would  rise  0.80  to  0.88  as  high  at  40,000 
ft  as  oompared  to  near  surface  detonations.  This  result  suggests  that 
a  2  KT  bomb  burst  at  40,000  ft  would  rise  to  48,000  ft  (center  of  cloud) . 

Another  similar  effort  to  p-1ve  this  problem  resulted  in  a  meet¬ 
ing  at  the  AFCRC  in  June,  1954*  attended  by  the  l).  S,  Weather  Bureau 
and  AWS  representatives.  Consideration  was  given  to  the  Sutton  and 
Taylor  formulae  in  Table  1.1  using  as  a  reasonable  approximation 


In  comparing  the  heights  to  be  attained  in  the  troposphere  and 
stratosphere,  the  yield  term  E  can  be  neglected  since  it  remains  con¬ 
stant,  By  inserting  numbers  for  the  other  terms  Involved,  the  ratio 
becomes  0.88,  quite  similar  to  the  Kellogg  approximation.  This  again 
suggested  that  the  high  altitude  burst  would  not  rise  as  far  vertically 
as  its  lover  counterpart. 

The  above  estimates  are  based  orimarily  on  the  effect  which  the 
stability  and  density  of  the  atmosphere  will  have  on  the  rising  bubble 
whioh  is  given  a  fixed  amount  of  heat  energy.  However,  according  to 
Kellogg,  *1/  the  dimensions  of  atomic  clouds  detonated  at  dtffc*.*At 
pressures  should  be  corrected  for  the  w.rk  which  the  fireball  mus‘.  <'.o 
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Fig.  1,1  Past  Ifcta  Yield  vs  Height 


in  expanding  against  the  environment.  This  correction  is  inversely 
proportional  to  the  prcBeure  at  detonation  level.  If  the  high  air 
burst  is  exploded  at  about  40,000  ft  (or  about  200  millibars)  and  is 
to  be  compared  with  tower  or  low-level  bursts  in  Nevada  at  a  height  of 
about  4500  ft  Sr  about  860  millibars)  then  the  ratio  860/200,  or 
about  4  choula  be  applied.  This  correction  was  not  envisage.',  when 
planning  estimates  of  the  high  air  burst  ri.be  were  prepared  and  compar¬ 
isons  between  observed  and  calculated  heights  in  this  report  are  based 
on  its  omission. 
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CHAPTER  Z 

ESERIMHrrftL  reOCEDPRE 


2.1  EDCERTCN,  gSRI-ESiAUSEH  &  tHJER  PARTICIPATION 

Fdgerion,  (k;Tnneshauaen  &  Qrler  photographed  the  atomic  cloud  on 
each  detonation  in  order  to  determine  the  following  parameters:  cloud 
height,  rate  of  ri-e,  vertical  depth  of  mushroom,  dimensions  of  stem, 
and  volume. 


2.1.1  Instrumentation  and  E> ugly  *nt 


One  Bell  and  Howell  35  raj  ''J 
Two  70  nsa  cameroa  l 

•One  A/6  35  ran  j 

One  Bell  and  Howell  35  on  ) 
•One  A/6  35  on  J 

•Discontinued  after  first  shot 

2.1.2  Location  of  Camera  Sites 


Station  9.4 *  ct  Oat*  listen  Peak 
and 

Station  9.4b  at  Anargcse 

Station  372  new  Control  Point  (CP) 
because  of  unreliability 

Approximate 

Latitude  Longitude  Location 


Station  9.4a  -  Charleston  Peak 
Station  9.4b  -  Aiaargoea 
Station  372  -  near  CP 


36°-19.1«  115^-34. 5* 
36°-23.01»  U6°-26.31* 
369-56.2*  H6°-04.2* 


43  miles  SR 
of  or 

50  miles  SW 
of  CP 

1  mile  W  of 
CP 


2.1.3  Operations 

Three  oamara  locations  were  operated  by  EG&G  to  accumnla 
photographic  data  for  Project  9.4. 

(1)  Station  372  ’also  collected  flrotell  and  cloud  data  for 
AEC  Projects  15.2  and  23.2).  At  this  station  two  35  mm  cameras,  haring 
focal  lengths  of  102  and  50  ran  respectively,  were  run  at  2.4  *■*'-  Zl, 
frames  per  second  (fpa)  for  4  and  10  respectively.  Widv  ''ngle 

lenses  were  utilised  to  see  as  high  as  possible. 
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(2)  Station  9.4a  (Charleston  Peak).  One  A/6  camera,  focal 
length  102  an,  ves  run  at  24  fps  for  4  minutes.  The  Dell  one  Howell 
camera,  focal  length  50  ran,  was  run  1  fps  and  2.4  fpc  for  10  minutes. 
Both  70  mm  cameras,  focal  length  105  mm,  wore  run  at  1  photograph  every 
15  seconds  for  -.030  minutes. 

(3)  Station  9.4b  (Anargosa)  same  as  station  9.4a. 

ill  stations  were  radio  linked  and  were  manned.  Camera  timers 
documented  the  cloud  rise  on  each  frame  of  the  film.  Apertures  were 
manually  adjusted  on  the  cameras  during  the  cloud  evolution  to  compen¬ 
sate  for  approaching  daylight.  On  daylight  shots,  some  16  mm  koda- 
chrome  film  was  used  as  added  documentation. 

The  angle  subtended  at  ground  aero  by  the  Charleston  Peak  and 
Anurgoea  stations  varied  from  55°  on  Shot  4  to  ?C°  on  Shot  12,  general¬ 
ly  about  60°  on  the  other  detonations. 

Station  372,  near  the  Control  Point,  v&a  of  value  for  early 
cloud  rise  photography.  The  Charleston  Peak  (9.4a)  and  Amargosa  (9.4b) 
stations  were  of  acre  value  for  docuraanting  the  latter  part  of  the 
cloud  rise  and  also  for  determining  horizontal  drift  of  the  atomic 
cloud. 

Complete  details  of  camoras,  ler~cc,  settings,  and  film  used 
can  be  found  in  EC&G  planning  retvut  1177  and  poet  TEAPOT  film  data 
sheet  catalog,  EG&G  report  LV-193. 

2 . 2  AlUg  MAP  SERVICE  PARTIC  ‘.PAT  •  2N 

Army  Map  Service  participated  In  Shots  10,  Tl,  "r>d  12  of  this 
test  series  to  determine  the  feasibility  of  measuring  cl.oud  volume  by 
photogramraetric  procedures.  The  wot  hod  applied  la  a  modification  cf 
methods  used  in  aerial  aud  terrestrial  phot ograju^o trie  nr.pping.  ft  pair 
of  overlapping  photographs  are  obtained  from  two  camera  nositions. 

When  oriented  in  a  precision  pho>..  -i*aaametric  instvi'meut  (Zeis3  Stero- 
planlgraph)  a  scaled,  visual,  three  dimensional  model  of  all  objects 
(in  this  case  a  section  of  the  cloud)  within  tho  overlap  area  of  the 
photographs  is  obtained.  The  instrument  provides  a  method  of  convert¬ 
ing  this  model  to  an  accurately  scaled  graphic  portrayal,  on  a  two 
dimensional  medium  with  the  third  dimension  indicated  by  contour  lines. 

Diagram  of  Projection  of  Visual  Model  Reproduced 

Test  Si^e  Mndel  in  Stereoploni graph  on  Two  Dimen- 


stor\n.l.  T  WHim 


Camera  1  Comers  2  Scale  I 'or!  el  Third  Pi  wens  ion 

Indicated  by 
Contours 
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F.-om  this  diagram  or  the  cloud  the  volume  of  the  section  of  the  cloud 
may  be  computed  easily.  To  determine  the  complete  volume  of  the  cloud, 
several  cameras  would  have  to  be  placed  around  the  cloud.  As  this  was 
a  feasibility  test  only,  a  maximum  of  three  cameras  were  planned  for 
usa  on  each  evot. 

2.2.1  Planned,  Test  Procedure 

Initial  discussions  regarding  Army  Map  Service  participation 
and  a  general  plan  of  operations  were  held  on  21  September  1954  with 
representatives  of  Air  Force  Gamhridge  Research  Center  and  the  Armed 
Forces  Special  Weapons  Project.  Final  plans  were  prepared  by  AMS  vith 
advice  and  guidance  from  AFCRC,  including  some  Indication  of  the  ATiC 
cafoty  requirements  at  the  UTS.  Studies  and  experiments  wars  '.'inducted 
at  A2-LS  to  determine  the  camera  equipment  to  be  used.  The  equipment 
selected  by  AMS  for  use  was: 

3  Type  T-ll  Aerial  Happing  Cameras  (selected  fo^  uniform 
operating  characteristics) 

3  Camera  Mounts  (manufactured  at  AMS) 

3  Vacuum  Pumps  (manufactured  at  AMS) 


1.  T-ll  Camera  3.  Timor  5.  Generator  7.  Ifelkle  Talkio 

2.  Suction  Pump  4.  Battery  6.  Radio  to  p? 


Fig.  2.1  AHS  Can *m  Site 
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It  was  agreed,  alter  it  vr-s  found  that  AEC  iuul  strict  limita¬ 
tions  cn  lam  lines,  that  EC&G  vou?d  furnish  suitable  radio  equipment 
for  synchronized  triggering  of  the  cameras.  The  equipment  furnished 
included: 

One  trai-initter  (operated  by  EGu-G) 

Cix  Motorola  FMRT>-1/*V,  1-D  receivers 

Tliroe  110  volt  unite  were  used  for  voice  count-down 
Throe  6  volt  units  were  used  for  triggering  cameras 
Three  110  volt  generators 
Three  Two-way,  walkie-talkies 
Three  6  volt  batteries 

Three  camera  station  sites  \/ero  chosen  iron  /IIS  topographic 
mps  of  the  NTS  for  Shot  10  and  three  for  Shot  12,  Office  selection 
of  stations  for  Shot  11  was  not  made  as  this  test  was  to  detornrir** 
inage  quality  only.  Exposures  were  planned  at  j  sec  intervals  with 
the  first  exposure  scheduled  at  zero  hour.  The  cameras  would  remain 
in  operation  until  the  film  supply  (200  exposures)  was  exhausted . 

2.2.2  Field  Operations 

2.2.2.1  shot  10 

The  three  cameras  were  installed  on  the  station  sites  select¬ 
ed.  The  geographic  positions  were  ar  follows: 

L:  itede  longitude 

Cmwru  372  3C®».a«  116%  2' 

Conerp  1  W57.1,'  115°59 

Conera  2  36°57.4'  U6°0S.5' 

After  installation,  a  checK  of  the  radio  synchronization 
systeQ  was  carried  out  with  satisfactory  results  at  all  stations.  Due 
to  safety  requirements  only  one  station  was  manned  during  the  shot. 

The  radio  triggering  system  failed  to  activate  the  camera  at  this 
station  during  the  actual  shot,  possibly  due  to  signal  inter! eronce,  so 
the  camera  vua  operated  manually  to  obtain  exposures  r.t  approximately 
5  sec  intervals.  It  was  later  determined  that  one  of  the  two  other 
stations  war  succe  • afully  triggered  by  radio  but  no  exposures  were 
obtained  at  the  third  station. 

2. 2.2. 2  Shot  11 

Shot  11  (predawn)  was  photographed  from  one  nfinned  camera 
station.  The  radio  signal  again  foiled  to  trigger  the  camera  so  opera¬ 
tion  was  manual.  The  personnel  manning  Ihe  station  observed  the  light 
intensity  aft<  ?  the  shot  to  judge  the  possibilities  of  obtaining  a  good 
photo  image  and  found  the  light  very  inadequate. 

2. 2. 2.3  Shot  12 

Tho  cameras  were  installed  at  the  selected  sites  and  tested 
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'or  radio  triggering.  No  signal  vas  received  at  two  of  the  three 
stations  so  selection  of  new  stations  was  required.  One  of  the  new 
sites  was  required  by  AEC  to  he  unmanned,  a  double  crev  was  required 
for  the  second  site  and  the  third  site  was  approved  for  a  single  orev. 
Intermittent  signals  were  received  at  the  stations  during  a  dry  run  but 
new  stations  could  not  be  selected  due  to  lack  of  tins.  The  radios 
foiled  to  trigger  the  cameras  during  the  shot  so  two  cameras  were 
manually  operated.  The  camera  locations  were: 

Latitude  Longitude 

Shot  12  Lost  36°42’48.5n  H5°54«47.2" 

Shot  12  West  36°43«05.3"  U5°58«a4.7" 

2.3  STRATEGIC  AIK  COtjMftHD  PARTICIPATION 

As  port  of  the  Strategic  Air  Command’s  orientation  and  training 
program,  two  3-47* s  were  flown  over  ground  aero,  at  altitudes  of 
42,000  ft  and  43,000  ft,  at  3/2  an 1  2  min  after  burst  (rroject  40.5). 
Participation  occurred  on  Shots  4»  8.  12,  and  13.  The  purpose  of  the 
above  flights  wa.»  to  photograph  the  top  of  the  rising  cloud.  This 
information  would  assist  the  groups  which  were  analyzing  specific 
parameters.  KA  3  cameras,  two  frames  por  second,  positioned  on  the 
belly  on  a  vertical  axis  were  used  for  the  photography.  On  predawn 
bursts,  the  aircraft  wa3  f?  own  .*;»  a  west-east  heading  to  take  advantage 
of  any  available  daylight. 

2.4  THEODOLITE  MEASURE  1BMTS 

In  order  to  evaluate  better  the  accuracy  oi  post  theodolite  data, 
theodolite  measurements  on  rate  of  rise  and  marl  mum  cloud  height  were 
taken  on  each  shot  hy  U.  S,  Weao.er  Bureau  (USHD)  and  AFCRC  personnel. 
The  theodolite  was  located  at  the  north  fence  of  the  Control  Point  for 
all  shots,  except  Shot  10.  On  Shot  10,  the  location  on  the  French¬ 
man  Flat  access  road  so  as  to  provide  a  longer  base  line  for  -this  high 
altitude  shot.  On  predawn  bursts,  in  some  instances,  it  was  difficult 
to  delineate  clearly  the  cloud  during  the  first  minute.  In  these 
cases,  a  clinometer  vas  us*,d  to  approximate  the  height  attained  by  the 
cloud.  CozTection  for  wind  drift  was  applied  to  the  theodolite  read¬ 
ings  to  determine  actual  cloud  top.  Ho  correction  was  made  for  the 
faot  that  the  actual  cloud  top  was  not  always  being  measured,  since  the 
edge  of  cloud  obscured  the  top  from  the  point  of  observation. 
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CHAPTER  3 


TEST  RESULTS 


3.1  Shot  1 

3.1.1  Edgerton,  Germeshausen  &  Grier  Photo graph lo  Analysis 

Low  clouds  prevented  the  uae  of  Ar.argosa  and  Angel*  s  Peek  camera 
stations.  Station  372  (near  the  Control  Point)  data  were  used  to  plot 
Figs.  3.1,*  3.1^,  and  3.1b. 

3.1.2  Aircraft  Reports  (Sao  Fig  3.1) 

Sampling  aircraft,  Air  Force  Special  Weapons  Conter  (AFSWC),  re¬ 
ported  the  following  cloud  data:  .1  -*•  15  min  -  t.p  of  cloud,  17,500  to 
18,000  ft  with  peaks  at  20,000  ftj  base  of  cloud,  14,500  ft. 

3.1.3  Theodolite  Pat? 

Theodolite  location:  Control  Point 
Horizontal  -<ange:  56,147  fu. 

Bearing:  9.758© 

Burst  Height:  4957  ft  KSL 


TABLE  3.1  -  Theololitc  EUta,  Shot  1 


Time 

(min) 

Elevation 

Angle 

Horizontal  Distance 

(rt) 

Cloud  Height 
(ft  1CL) 

0.0 

-  A 

56,147 

4,957 

0.5 

5.0 

56,147 

9,055 

1.5 

3.6 

53,500 

11,737 

2.5 

12.5 

50,000 

15,225 

3.0 

14.1 

48,100 

16, 146 

3.5 

15.9 

46,100 

16,924 

4.0 

17.4 

44,200 

18,147 

4.5 

18.6 

42,450 

18,000 

5.0 

19.7 

40,800 

18,273 

*  Fig.  3.1  curve  is  ccr-'tructed  as  the  best  fit  curve  from  eoim  utad 
points  not  indicated  on  this  chart. 
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3.1.4  Comparison  of  Cloud  !.eigh  .  Observations 

There  does  not  appear  to  '•e  good  agreemer.  •,  on  ...arimura  height 
reached.  The  fact  that  the  photographic  anulysio  was  based  upon  a 
single  camera  station  does  not  justify  the  usua]  validity  of  th*  pho¬ 
tographic  analysis. 

3.1.5  Weather  Ifeta 

Clouds:  Broken  (6/10  -  B/lO)  5000  ft 
Visibility:  15  mi 
Weather:  "one 

Shot  Height  -  (4957  ft  MSL) :  Temperature,  -5.5°C;  Pres jure, 

8/, 6  rbj  Potential  Temperature,  281°K 
Psendo-Adiabatic  Chart.  See  Fig.  3.2 
Wind  Speed  and  Direction:  See  Fig.  3.3 

3.1.6  Comparison  of  Cloud  and  Weather  Ikta 

According  to  past  data  {Fig.  l.l)  the  cloud  rose  a  few  thousand 
feet  above  the  expected  height.  The  lapse  rate  (interpolated)  for  shot 
time  indicated  a  relatively  unstable  layer  to  15,000  ft  (tending  co 
increase  the  cloud  height)  and  a  strong  inversion  from  about  15,000  to 
lb, 000  ft  which  should  heve  been  effective  in  slowing  down  the  rise  of 
the  cloud,  A  stable  layer  above  the  inversion  to  22,000  ft  should  also 
have  acted  to  dampen  the  cloud  rise.  A  consistent  wind  direct  ton  ‘’.bove 
10,000  ft  and  strong  vertical  wind  shp°r  should  have  acted  to  d^craase 
the  height  stained  by  the  cloud. 
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TIME  (MINUTES) 

Clout  Diameter  vs  Tine,  Sho4.  1  (TCV.-G  Analysis) 


Fig.  3,1b  Cloud  Ib-ift,  Shi 
31 
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Fig,  3.3  Wind  Speed  and  Direction,  Shui  X 
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3.2  SHOT  2 

3.2.1  Ldgerton,  Germeahausen  &  Grier  Fhutugraphlc  Analysis 

The  cloud  height/  vs  time  curves  and  diameter,  Figs.  3.4*  and 
3.4a,  were  calculated  as  a  result  of  measurements  made  or  original 
negatives  from  cloud  traoking  stations  at  Amargoaa  and  Mt.  Charleston 
(Angel’s  Peak).  Drift  of  the  cloud  was  determined  fey  tri angulation 
(Fig.  3.4b). 

3.2.2  Aircraft  Reports  (See  Fig.  3.4) 

With  the  assistance  of  the  4926th  Sampling  Squadron,  the  follow¬ 
ing  cloud  data  on  this  shot  were  obtained:  H  4  10  min  -  <4,380  V*.  MSL 
top  of  cloud,  17,000  ft  KSL  base  of  oloud;  H  4-  20  min  -  24,000  ft  top 
of  cloud;  H  +  48  min  -  17,000  ft  base  of  cloud,  tail  lowering  to  15,000 
ft  KSL. 

3.2.3  Theodolite  Data 

Therdclite  I^aation:  Control  Poim.  (4,140  ft  MSL) 

Horizontal  Distance  to  Burst  Point:  42.402  ft 
Bearing  to  Burst  Point  (from  theodolite) :  13.328° 
elevation  of  Burst:  4325  ft  KSL 

3.2.4  Comparison  of  Cloud  Height  •aarvatlona 

Figure  3.4  indicates  good  agreement  on  reported  maximum  height  of 
cloud  as  reported  by  photography,  iheudolite,  and  aircraft.  The  rate  of 
riae  from  the  theodolite  reading  appears  too  extreme  with  no  apparent 
roason.  One  possible  explanation  would  be  the  predawn  shot  time,  making 
it  difficult  to  record  accurately  the  initial  theodolite  readings. 


TAELE  3.2  -  Theodolite  Data,  Shot  2 


Time 

(min) 

ELevation 

Angle 

Horizontal  Distance 

(n.) 

Cloud  Knight 
(ft  MX) 

0 

- 

42,402 

4,325 

1.3 

5.2 

43,606 

8,200 

2.5 

23.7 

40,500 

22,000 

3.0 

25.6 

4Q,00u 

23,500 

3.8 

26.8 

39,250 

24,100 

4.5 

27.6 

39,100 

24,700 

5.u 

26.9 

39,250 

24,100 

26.2 

40,256 

24,100 

25.5 

42,100 

24,500 

mm 

21.2 

49,800 

23,600 

*  Fig.  3.4  curve  la  constructed  as  the  best  fit  curve  from  computed 
points  not  indicated  on  this  chart. 
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TAlLfc  J.j  -  Theodolite  Data,  Shot  3 


Tine 

(min) 

li*  vat  ion 
Angie 

Horizontal  Distance 
(ft) 

do  ml  Height 

(ft  ms,) 

0 

- 

69,400 

4,501 

1.5 

10.0 

69,250 

16,400 

2.0 

12.0 

69,440 

18,900 

3.0 

14.0 

69,200 

41,300 

4*0 

15.5 

69,lou 

23,300 

5.0 

17.5 

68,900 

25,900 

KM 

19.3 

69,100 

28,400 

m 

20,0 

69,500 

29,300 

20.3 

69,750 

30, GUO 

2O.4 

70,50G 

30,400 

RT1H 

20.1 

71,200 

30,300 

u.o 

19.5 

72,000 

29,700 

12.0 

19.0 

72,900 

29,200 

2 A3  b  3»4  -  Thcodol  iU  Dula,  anot  4 


|j 

L_ 

KL  ovation 

iUlglc 

Horizontal  Distance 

(n) 

doud  Height 
(ft  MS,) 

o.c 

?(.,  r? 

4,991 

1.0 

11  .V 

76,300 

20,250 

2.0 

16.2 

76,300 

26,220 

3.5 

19.4 

76,400 

32,07C 

3.5 

=4.4 

75,050 

36,360 

4*0 

25.= 

75,200 

39,650 

4.5 

26.6 

75,600 

42,050 

5.0 

27.1 

75,45c 

42,770 

5.5 

27.6 

75 ,100 

43,360 

6.0 

27.9 

74,800 

43.770 

2o.5 

74,50c 

44,020 

7.0 

27.o 

74,250 

43,320 

7.5 

27.9 

74, ICO 

43,370 

8.0 

29.0 

74,100 

45,170 

9.0 

29.2 

75,650 

45,270 

9.5 

29.6 

73,600 

46,970 

10  .0 

29.6 

73,650 

47,000 

3.2.5  Weather  Data 

Clouds:  1/10  altocumulus  12,000  ft;  5/10  cirro stratus  3u,OC0  ft 
Visibility:  15  mi 
Weather:  Hone 

Shot  Height  (4325  ft  MSI):  Temperature,  -3.9°C;  Pressure,  071 
mb;  Potential  peralurc, 
Paeudo-Adiabatic  Chart:  See  Fij.  3.5 
Vertical  Wind  ■  ’  peed  and  Direction:  See  Fi^.  j.o 
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3.2.0  Comparison  of  Weather  Data  and  Cloud  Evaluation 


Compared  to  past  test  data,  the  height  attained  by  this  cloud, 
after  adjusting  yield  to  sea  level,  appears  to  be  in  excess  by  2000  to 
3000  ft.  Examination  of  the  lapBe  rate  curve  indicates  a  generally 
stable  condition  which  does  not  suggest  any  reason  for  an  excels  height 
fo.  the  cloud.  The  wind  speed  chart  indicates  increase  of  wind  with 
height  up  to  3C,000  ft. 

3.3  SHOT  3 

3.3.1  Edgerton,  Germeshausen  &  Grier  Photographic  Analysis 

The  curves  plotted  in  Figs,  3.7*  and  3.7a  are  the  result  of  meas¬ 
urements  made  from  camera  stations  at  Amargosa  and  lit.  Charleston.  Drift, 
of  the  cloud  was  determined  by  triangulation  (Fig.  3.7b/. 

3.3.2  Aircraft  Reports  (See  Fig.  3.7) 

The  following  cloud  information  was  obtained  from  the  4926th 
Test  Sampling  Squadron,  AFSWC:  H  +  8  min  -  30,000  ft  top  (MSL) ; 

K  +13  min  -  18,000  ft  base  (MSL) ;  H  +  49  min  -  ??,C0O  ft  top  O'SL) . 

3.3.3  Theodolite  Ekta 

Theodolite  Location:  Cantn  '  Point  (4127  ft  MSL) 

Horizontal  Distance  to  Bur***  Point:  69.400  ft 
Bearing  to  Burst  Point:  1.1/9° 

Burst  Height:  4501  ft  MSL 

3.3.4  Comparison  of  Cloud  Height  Observations 

The  airoraft,  theodolite,  u.i  photographic  data  appear  to  atrree 
quite  well,  The  deviation  of  the  theodolite  data  from  the  EG&fi  re to  of 
rise  (Fig,  3.7)  is  expected  considering  the  uccuracy  of  theodolite 
measurements . 

3.3.5  Weather  Efata 

Clouds:  None 
Visibility:  15  mi 
Weather:  l!one 

Shot  Height  (4501  ft  MSL)?  Temperature,  -0.5°C;  Pressure,  864 
mb;  Potential  Temperature,  284°K 
Pseudo-Adiabatic  Chart:  See  Fig.  3.8 
Wind  Speed  and  Direction:  See  Fig.  3.9 

3.3.6  Comparison  of  Weather  Data  and  Cloud  Height 

The  maximum  height  reached  by  the  cloud  agrees  well  with  a  curve 
of  past  cloud  data  (using  adjusted  yield).  The  lapse  rate  curve 

*  Fig.  3.7  curve  is  constructed  as  the  best  fit  curve  from  comi-uted 
points  not  indicated  on  this  chart. 
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incL.ju.tes  un  isothormal  layer  between  4900  to  BOuO  ft  MSL  which  did  not 
appear  to  influence  the  cloud  rise.  'Ibe  wind  speed  was  westerly  and 
i-enerally  constant  below  17,000  ft  and  above  20,000  ft. 

3.4  SHOT  4 

3.4.1  Ed<j->rtun  Germeshausen  fr  ^rler  Photographic  Analysis 

Cuneru  locations  at  Araarcosa  and  Angel's  Peak  recorded  data  used 
in  computing  Figs.  3.10,*  3.10a,  and  3.10b. 

3.4.2  Aircraft  Reports  (See  Fig.  3.10) 

Sampling  aircraft  reported  the  following  cloud  data :  H  +  30  min 
-  40,500  ft  MSL  top}  H  +  100  min  -  41,000  ft  MSL  lop. 

3.4.3  Theodolite  Cat a 

Theodolite  Location:  Control  Point  (4,127  ft  MSL) 

Horizontal  Distance  to  Burst  Point:  76,479  ft 
Bearing  to  Burst  Point:  346.089° 

Burst.  Height:  4991  ft  MSL 

3.4.4  Comparison  of  Cloud  Height  Observations 

The  theodolite  data  suggest  higher  cloud  heights  than  the  more 
valid  photographic  analysis.  TLIm  discrepancy  is  due  to  the  error  in 
reading  the  apparent  cloud  top  tt  in  effect,  reading  a  point  which 
actually  is  the  side  of  cloud-  T;  is  error  is  due  to  Li.a  increase  in 
mushroom  size  and  wind  shift. 

3.4.5  Weather  Lfata 

Clouds :  Clear 
Visibility:  Unrestricted 
Weather :  Hone 

Shot  Height  (4991  ft):  Temperature,  5.6°C;  Pressure,  85f-  mb; 

Potential  Temperature,  291°  K 
Pseudo -Adiabatic  Chart:  See  Fig.  3.11 
Wind  Speed  and  Direct ion:  See  Fig.  3.12 

3.4.6  Comparison  of  Cloud  Zfeta  and  Weather  Lata 

The  past  cloud  height  data  (see  Fig,  1.1)  la  in  good  agreement 
with  the  height  reached  by  this  cloud.  The  lapse  rate  curve  is  quite 
stable  to  9000  ft  but  obviously  did  not  Influence  the  rise  of  the 
cloud.  The  remainder  of  the  oxirve  to  40,000  ft  also  appears  stable. 

The  height  of  the  tropopause  at  40,000  ft  would  suggest  a  barriei  to 
further  significant  rise. 


*  Fig.  3.10  Qurvs  is  eoi.  icted  as  the  best  fit  curve  fruu  computed 
poirtss  not  indicated  on  this  chart. 
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T<nu 

T cvat:on 

Horizontal  Distance 

(min' 

Anj^lc 

(ft) 

(ft  Hi) 

0.0 

- 

39,440 

4,313 

0.5 

6.9 

39,440 

8,910 

1.0 

12.2 

39,440 

12,530 

1.5 

Be  W 

39,400 

15,750 

2.C 

39,400 

18,360 

2.5 

39,200 

2G , 320 

3.c 

39,150 

1  or, 

3.5 

39,350 

24,040 

4.0 

29.4 

39,600 

26,440 

4.5 

30.7 

39,740 

27,440 

5.5 

32.6 

39,970 

29,440 

6.0 

33.6 

40 >230 

30,840 

7.0 

34.7 

41, CM 

32,330 

9.5 

34.4 

45,350 

35,100 

1?.U 

32.2 

21,720 

36,690 

13.5 

30.6 

?6 , 25C 

37, 410 

14.5 

29.3 

59,45c 

37,540 

15*5 

26.2 

.;,ioc 

37,990 

17.0 

26.5 

vc',’700 

38,390 

10.0 

24.6 

72,800 

*’8,470 

19.5 

24.1 

76,750 

39,300 

TAlLfc  3.6 

Theodolite  Data,  Shot  6 

Time 

Elevation 

Horizontal  Distance 

Cloud  Hciifht 
(ft  JO.) 

(min) 

Angle 

ut) 

— o7o 

59,024 

4,745 

l.C 

10.5 

59,20C 

I4,8r«c< 

2.C 

16.7 

56,600 

21,800 

3.C 

23.9 

54,200 

20,000 

4.0 

28.3 

52,400 

32,900 

5.0 

32.5 

51,500 

37,600 

6.0 

35.3 

50,300 

40,400 

7.0 

38.  C 

50,400 

44,200 

3.0 

39.3 

'2,OOC 

43,100 

9.C 

40.1 

54,000 

50,300 

10.5 

39.3 

58,000 

52,200 

13.0 

38.9 

64,600 

56,900 

15.0 

34. c 

71,300 

54,:oc 
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3.5.1  hdgerton*  Germeshausen  &  Grier  Photographic  Analysis 

The  data  indicated  in  Figa.  3.14*  and  3.14a  were  computed  from^ 
camera  records  collected  at  Amargosa  and  Mt.  Charleston  (Anfel’s  Peak; 
stations.  Calculations  were  baaed  upon  photo  gramme  trie  triauguL*  tion, 
including  cloud  drift  in  Fig,  3.14b, 

3.5.2  Aircraft  Reports 

Sampling  aircraft  reported  the  following  cloud  data:  H  +  37  min 
-  36,000  ft  topj  27,000  to  28,000  ft  base  (estimate). 

3.5.3  Theodolite  Iteta 

Theodolite  Location:  Control  Point 
Horizontal  ftonge  to  Burst  Point:  39,440  ft 
Bearing  to  Burst  Point:  12.443° 

Height  of  Buret:  4313  ft  MSL 

3.5.4  Comparison  of  Cloud  Height  Cbuervations 

Theodolite  and  photo  meaaiirements  apoear  to  have  good  agreement. 
The  later  theodolite  readings  (a.  c-cr  12  min)  probably  give  higher 
valuea  because  the  side,  rathe*  :.’ian  top,  of  !-he  cloud  was  being 
measured. 

3.5.5  Weather  feta 

Clouds :  Clear 
Visibility:  Unrestricted 
Weather:  None 

Shot  Height  (4313  ft):  Temperature,  2.0°C;  Pressure,  874  mb; 

Potential  Temperature,  286°K 
Pseudo-Adiabatic  Chart:  See  Fig.  3.15 
Wind  Speed  and  Direction:  See  Fig.  3.16 

3.5.6  Comparison  of  Cloud  and  Weather  Ehta 

The  height  attained  by  this  cloud  was  in  excess  of  10,000  ft 
greater  than  expected.  The  lapse  rate  curve  is  generally  stable 
throughout  the  layer.  The  wind  direction  is  fairly  consistent  from 
270o,  The  speed  is  relatively  light  (below  20  knots)  to  12,000  ft 
and  not  above  30  knots  to  26,000  ft. 


*  Fig.  3.14  curve  is  constructed  as  the  best  fit  curve  from  ct-'upjl ed 
points  not  indicated  on  this  chart.. 
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3.6.1  Fdgerton,  Ceraeshausen  &  Grier  Photographic  Analysis 


Cloud  d»ta  wore  oomputed  from  camera  a tat ions  located  at  Am&rgosa 
and  Mt.  Charleston  (Angel's  Peak).  Figures  3.17*  and  3.17a  are 
result  of  such  analysis,  as  veil  as  Fig,  3.17b. 

3.6.2  Aircraft  Reports  (See  Fig.  3*17) 

Sampling  aircraft  reported  the  following  cloud  data:  H  13  min 
~  40,000  ft  top  of  oloud;  H  18  min  -  38,400  ft  top  of  eloud,  34*300 
ft  base  of  oloud;  H  +  22  min  -  32,200  ft  base  of  oloud;  H  +  47  min  - 
39,200  ft  top  of  oloud,  36,900  ft  base  of  oloud. 

3.6.3  Theodolite  lata 

Theodolite  Location:  Control  Point 
Horizontal  Distance  to  Burst  Point:  39*024  ft 
Bearing  to  Burst  Point:  8.735° 

Burst  Height:  4745  ft  MSL 

3.6.4  Compar •*  son  of  Cloud  Height  Observations 

This  shot  is  the  best  exar  .;le  of  this  series  of  the  problems  in¬ 
herent  in  theodolite  measurements  when  the  oloud  drift  is  clearly 
toward  the  observation  point.  'Jmo  theodolite  loadings  are  obviously 
affected  by  this  condition  and  ai-«  r.f  no  value  *»i  ter  4  rln.  To  compen¬ 
sate  for  this  effect,  a  correction  for  oloud  diameter  must  be  made. 
Aircraft  reports  on  cloud  top  agree  with  photographic  measuramer ts .  Tne 
discrepancy  in  base  estimate  is  due  to  the  multiple  layors  of  the  cloud 
causing  a  question  as  to  Just  whet  constitutes  the  base. 

3.6.5  Weather  Data 

Clouds :  None 
Visibility:  Unrestricted 
Weather:  None 

Shot  Height  (4743  ft):  Temperature *  4.5°C;  Pressure,  *60  mb; 

Potential  Tempera ture,  288°K 
Pseudo— Adiabatic  Chart:  See  Fig.  3.18 
Wind  Speed  and  Direction:  See  Fig.  3.19 

3.6.6  Comparison  of  Cloud  and  Weather  Ihta 

The  oloud  rise  vaa  about  7000  ft  higher  than  indicated  by  r?.st 
data  (adjusted  yield) .  The  lapse  rate  does  not  suggest  any  marked  In¬ 
stability;  in  fact,  ia  stable  from  13,000  ft  to  the  cloud  top.  The 
tropopause  at  36,500  ft  should  have  dampened  any  further  rise  of  more 
than  a  few  thousand  feet.  The  wind  speed  from  20,000  ft  to  cloud  top 

*  Fig.  3.17  curve  is  constructed  as  +ho  bsst  fit  curve  from  comr>*tod 
points  not  indicated  on  this  chart. 

45 


SECRET  -  RESTRICTED  DATA 


46 

SECRET  -  RESTRICTED  DATA 


47 

SECRET  -  RESTRICTED  DATA 


TIME  (MM'ITES) 


COOPC'INATES-  KILOFEET 


is  fairly  consistent  (about  40  knots)  and  does  not  indicate  any 
noticeable  shear. 

3.7  SHOT  7 

3.7. \  Rdger ton,  Oormeshausen  a  Grier  Photographic  Analys i s 
No  data  were  compiled  for  this  underground  shot,, 

3.7.2  Aircraft  Reports  (See  Fig,  3.20) 

Sampling  uircraft  reported  the  following  cloud  data:  H  +  10  min 
-  12,000  ft  MSLi  H  +  12  min  -  10,500  ft  H5L. 

3.7.3  Theodolite  Data 

Theodolite  Location:  Control  Point 
Horizontal  Distance  to  Hurst  Point:  85,176  ft 
Bearing  to  Burst  Point:  2,u94° 

Burst  Height:  67  ft  below  surface  (4221  ft  MSL) 

3.7.4  Comparison  of  Cloud  Height.  Observations 

No  EG&G  data  are  available  for  this  shot,  Reasonable  agreement 
is  indicated  between  aircraft  and  theodolite  measurements  considering 
the  questionable  accuracy  of  the  latter  after  the  first  few  minutes. 

3.7.5  Weather  Data 

Clouds:  3/10  thin  cirrus 
Visibility:  Unrestricted 
Weather:  None 

Shot  Height  (Surface  Hitu):  Temperature,  Pressure.  883 

mb;  Potential  Temperature,  301°K 
Pseudo-Adiabatic  Chart:  Sc.  Fig.  3.21 
Wind  Speed  and  Direction:  See  Fig,  3.22 

3.7.6  Comparison  of  Weather  and  Cloud  Pita 

Although  a  subsurface  burst  does  not  lend  itself  too  well  to  com¬ 
parison  to  other  shots  relative  to  maximum  height  attained,  an  examina¬ 
tion  can  be  made  relative  t,r  ,.ts  evolution.  The  lapse  rate  curve 
indicated  a  email  inversion  from  about  90CC  to  10,000  ft  which  roughly 
coincided  with  the  maximum  height  reached;  also,  an  uns table  luyer  from 
surface  to  8000  ft.  The  wind  speed  increased  10  mi  an  hr  and  direction 
changed  17°  from  10,000  to  12,000  ft  suggesting  t.he  effect  of  a  shear. 

3.8  SHOT  8 

3. 8. 3.  Edgerton,  Germeshausen  ft  0r3er  Photographic  Analysis 

Figures  3.23*  and  3.23a  were  dorived  from  data  recorded  at  the 
Amargosa  and  tft.  Charleston  camera  locations;  also  Fig.  3.23b. 


*  Fig.  3.23  curve  is  constructed  as  the  beat  fit  curve  from  commuted 
points  not  indicated  on  this  chart. 
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3.u.2  Aircraft  Heports  (Sue  Fig.  3.23) 


Sampling  aircraft  reported  tlie  following  cloud  data:  H+10  min 

-  31,200  ft  top;  H  +  15  min  -  30,700  ft  top;  H  +  17  min  -  22,800  ft 
cx-se;  H  +  30  min  -  29,000  ft  top;  H+44  min  -  18,000  ft  base. 

3.b.3  " heodolite  Ibta 

Theodolite  Location:  Control  Point 
Horizontal  Distance  to  Durst  Point:  60,265  ft 
Bearing  to  Burst  Point:  346.369° 

Burst  Height:  4609  ft  IEL 

3.8.4  Comparison  of  Cloud  Height  Observations 

Photographic,  aircraft,  and  theodolite  d-ta  agree  quite  v»ll. 
The  sente  of  the  discrepancy  between  the  theodolite  and  other  roeepTjre- 
ments  ia  contrary  to  what  is  usually  found.  This  nay  be  due  to  the 
fact  that  the  wind  shears  diluted  the  olcuu  top,  making  it  too  faint 
to  identify. 

3.8.5  Weather  fr-ta 

Clouds:  None 
Visibility:  Unrestricted 
Weather:  Hone 

Shot  Height  (4809  ft  KSL) :  ferai>eraturc,  9.3°0:  PreHBure,  852 
mb;  Potential  Temperature,  295°K 
Pseudo-Adiabatic  Chart:  fee  Fig.  3.24 
Wind  Speed  and  Direction.  See  Fig.  3,25 

3.8.6  Comparison  Weather  Ltita  and  Cloud  Dat.s 

The  lapse  rate  curve  indicates  a  stable  layer  from  8200  to 
11,000  ft  with  an  inversion  from  11,000  to  11,600  ft,  Thr  ’•est  of  tha 
curve  is  generally  unstable  to  height  of  cloud  top.  The  wind  speed  is 
irregular  with  increases  and  decreases  from  10,000  to  2>,000  ft. 

3.9  SHOT  9 

3.9.1  Ldgerton,  Germeshauaen  K-  Grior  Photographic  -r^lysls 
Quality  of  photograph ir  data  was  unsuitable  l'or  analysis. 

3.9.2  ircraf t  sports  (Ses  Fig.  3.27) 

Sampling  uircraft  reported  the  following  cloud  data:  H  +  10  min 

-  27,500  ft  (MSL)  top  of  cloud;  H  +  17  min  -  31,500  ft  (MSI.)  top  of 
cloud:  II +  2^  min  -  28,700  ft  (f-EL)  top  of  cloud. 

3.9.3  Theodolite  lb , ta 

Theodolite  U'oation:  Control  Point 
Horizontal  Distance  to  Burst  Point:  56,1/. 7  ft 
Bearing  to  Burst  Point:  9.758° 

Burst  Height:  4995  ft  MSL 
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3.9.4  Comparison  of  Cloud  Height  Observations 


Comparison  of  data  for  this  shot  is  impossible  since  no  photo¬ 
graphic  data  arc  available  and  the  theodolite  and  aircraft  data  are  not 
simi'lwj.n*oua . 

3.9.5  Weather  feta 

Clouda:  7/10  thin  cirrostratus 
Visibility:  Unrestricted 
Weather :  Hone 

Shot  Height  (4995  ft  MSL):  Temperature,  12.4°Cj  Pressure,  645 
mb;  1-nt.ential  Temperature,  300°K 
Pseudo-Adiabatic  Chart:  Sue  Fig.  3.2c' 

Wind  Speed  and  Direction:  Sue  Fig,  3.29 

3.9.6  Comparison  of  Cloud  Lhttt  and  Weather  Data 

No  photographic  analysis  was  made  on  this  shot.  Cn  the  basic  of 
theodolite  and  aircraft  reports  alone,  the  cloud  appeura  to  have  risen 
about  5000  ft  in  excess  of  expected  rise  by  means  of  past  test  data. 

The  lapse  rate  curve  is  generally  unstable  to  8500  ft.  However,  an  in¬ 
version  from  8500  to  9600  ft  would  ‘end  to  decrease  the  height.  The 
wind  direction  is  generally  consilient  and  the  speed  increases  above 
10,000  ft  to  30,000  ft. 

3.10  SHOT  10 

3.10,1  f^dgerton,  Germeshauflen  u  Urier  Photographic  .analysis 


Figures  3.30,*  3.30a,  and  3.30b  were  derived  from  data  recorded 
at  the  Amargosa  camera  location  only.  Ihta  from  other  camera  locations 
Mere  not  obtained  or  were  not  valid  due  to  proximity  to  cloud  formation. 

3.10.2  Aircraft  Reports  (See  Fig.  3.30) 

Sampling  aircraft  reported  the  -ollowing  cloud  data:  If  1  6  min 
-  60,000  to  65,000  ft  top  ^ estimate) ;  H  +  45  min  -  65,000  ft  top 
(estimate) . 

3.10.3  Theodolite  Ihta 

Theodolite  Location:  25  ft  north  of  main  road  entering  French¬ 
man  Flat  area,  about  200  ft  east  of  the 
Mercury  Highway  (3220  ft  MSL) 

Horizontal  Distance  to  Durst  Point:  82,272  ft 
Bearing  to  Durst  Toint:  349°62,5‘ 

Burst  Height:  36,620  T  60  ft  KSL 


*  Fig.  3.30  curve  is  constructed  as  th-  best  fit  curve  from  cc:vu+ed 
points  not  indicated  on  this  chart. 
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TAELE  3.9  -  Theodolite  Data,  Shot  9 


Time 

(min) 

— 

Elevation 

Angle 

Horizontal  Distance 
(ft) 

Cloud  Height  ! 

(ft  as.)  J 

0.0 

§?\  ■ 

0.5 

1.0 

8.8 

till 

1.5 

9.9 

58,400 

14,360 

11.4 

59,700 

16,320 

2.5 

12.8 

60,300 

17,940 

3.0 

13.1 

61,850 

18,740 

3.5 

15.0 

63,150 

21,080 

4.0 

15.6 

64,450 

22,110 

4.5 

16.2 

65,450 

23,170 

5.0 

16.7 

66,700 

24,140 

5.5 

17.1 

68,350 

25,160 

6.0 

70,200 

26,120 

0.5 

■I'H 

72,150 

27,020 

7.0 

HE 'nil 

74,200 

27,950 

7.5 

17.8 

76,300 

28,640 

s.o 

17.8 

78,650 

29,370 

9.0 

17.7 

63,250 

30, a  0 

1C.0 

17.3 

oo , 500 

31,740 

TAILE  3.1C  -  Theodolite  Data.  Shot  10* 


Time 

(min) 

Elevation 

Angle 

Horizontal  Distance 
(ft) 

Cloud  Height 
(ft  MS.) 

0 

«— WBM 

36,600 

1.0 

VMKgKt- 

42,800 

2.0 

47,100 

3.0 

72,250 

50, 10C 

4.0 

71,700 

52,100 

5.0 

1 

(72,500) 

(53,200) 

(74,000) 

(54,200) 

j  7.0 

(34.3) 

_ 

(75,700) 

(54,800) 

"Parentheses  indicate  data  ol  doubtful  accuracy. 


The  cloud  had  a  torus  ring  appearance  and  began  to  disintegrate 
at  4  min.  The  short  life  of  the  visible  cloud  was  due  to  lack  of 
moisture  at  the  burst  level.  Because  readings  were  taken  on  the  edge 
of  the  ring,  an  estimate  then  had  to  be  made  of  the  elevation  of  the 
center  of  the  ring  for  true  height  of  the  cloud. 
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3.10.4  Comparison  of  Cloud  Height  Observations 


Despite  the  doubtful  accuracy  of  the  theodolite  readings  the 
computed  heights  compare  favorably  with  the  phe to graph ically- 
determJ  nod  height* .  The  airoraft  estimates  do  not  agree  but  can  be 
considered  doubtful  due  to  the  ceiling  limitations  of  the  s^  ipling 
aircraft . 

3.10.5  Weather  Data 

Clouds :  Clear 
Visibility:  Unrestricted 
Weather:  None 

Burst  Height  (36,620  ft  MSL) :  Temperature,  -47.7°bj  Prwssvre 
222  mb;  Potential  Temper ature, 
347°K 

Pseudo-Adiabatio  Chart:  Ceo  Fig.  3.31 
Wind  Speed  and  Direction:  See  Fig.  3.32 

3.10.6  Comparison  of  Cloud  Data  and  Weather 


The  predicted  height  for  this  oloud  was  underestimated  by  some 
10,000  ft.  The  lapse  rate  curve  indicates  that  the  burst  was  in  the 
stratosphere.  The  lack  of  moist’  •=/  In  the  ambiont  stratosphere  should 
tend  to  reduce  the  size  of  the  advent  cloud  and  hence  its  maximum 
height.  The  former  was  observed  but  the  latte:  «'id  net  materialize. 
Also,  the  isothermal  layer  between  33,000  and  40,000  ft  ahculd  have 
served  a  further  deterrent  to  itn  rise.  It  becomes  apparent  that  the 
height  prediction  equations  omit  some  pertinent  atmospheric  par'. me  ter 
or  parameters  affecting  the  amount  of  rise  of  atomic  clouds,  partic¬ 
ularly  in  a  stratospheric  environment.  The  wind  direction  was  generally 
uniform  from  burst  point  through  the  maximum  height  of  55,000  ft, 

3,10.7  Army  Map  Service  Volume  Analysis 

The  photography  of  the  high  altitude  shot  was  evaluated  upon 
receipt  at  AMS.  The  photography  was  satisfactory  from  the  standpoint 
of  photographio  quality  but  the  air  burst  did  not  provide  enough 
M substance '  to  enable  a  good  photographic  image  to  be  registered.  The 
lack  of  density  in  the  residual  cloud  precludes  photo gramme trie  deter¬ 
minations  of  volume  in  this  type  of  ehot. 

3.11  SHOT  11 

3.11.1  Edgerton,  Germeshausen  &  urier  Photographic  Analysis 

The  data  indicated  in  Figs.  3.34*  and  3.34a  were  computed  from 
camera  records  collected  at  Amargosa  and  Angel's  Peak,  Photo gramme trie 
triangulation  was  used  for  calculations,  as  well  as  for  Fig,  3.34b. 


*  Fig,  3.34  curve  is  constructed  as  t best  fit  curve  from  commuted 
points  not  indicated  on  this  chart. 
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3.11.2  Aircraft  Reports  (See  Fig.  3.34) 


Sampling  aircraft  reported  the  following  cloud  data:  H  +  12 
min  -  15,200  ft  MSL  top;  H  +  15  min  -  15,000  ft  ICL  top;  H  +  22  min  - 
13.000  ft  MSL  base;  H  +  30  min  -  15,000  ft  MSL  top;  H  +  30  min  - 
13,000  ft  MSL  base. 

3.11.3  Theodolite  Ihta 

Theodolite  Location:  Control  Point 
Horizontal  Distance  to  Burst  Point:  68,534  ft 
Bearing  to  Burst  Point:  4*9° 

Burst  Height:  4542  ft  MSL 

3.11.4  Comparison  of  Cloud  Height  Observation* 

Aircraft,  oamera,  and  theodolite  measurements  give  good 
agreement. 

3.11.5  Weather  Data 

Clouds :  Clear 
Visibility:  Unrestricted 
Wfcw.  -jer:  None 

Burst  Height  (4542  fx.  ML:/;:  Temperature,  4.5°C;  Pressure,  867 
mb;  Potential  Tanperature,  285°K 
Pseudo-Adiabatic  Chart:  See  Fig.  3.33 
Wind  Speed  and  Direction:  See  Fig.  3.36 

3.11.6  Comparison  of  Cloud  Data  and  Weather  Ebta 

The  cloud  rose  slightly  nigher  than  expected.  The  lapse  rate 
curve  indicates  an  inversion  to  5000  ft,  and  then  lies  between  the  dry 
and  moist  adiabatic  ourve  throughout.  The  wind  direction  was  from  the 
NUW-H  with  a  wind  Bpeed  increase  up  to  35,000  ft. 

3.11.7  Army  Map  Service  Volume  Analysis 

The  photography  of  Shot  11  was  evaluated  upon  receipt  at  AMS 
and  was  found  to  be  a  complete  loss.  No  useful  photographic  images 
were  obtained  due  to  the  lack  of  light  at  the  time  of  the  shot. 

3.12  SHOT  12 

3,12.1  Edgerton,  Genaeshausen  &  Grier  Photographic  Analysis 

Figures  3.37*  and  3.37a  were  derived  from  camera  recoruu  col¬ 
lected  at  Amargosa  and  Angel's  Peak.  Figure  3.37b  was  computed  from 
the  same  reeordo. 


*  Fig.  3.37  curve  is  constructed  as  the  best  fit  curve  from  computed 
points  not  indicated  on  this  chart. 
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3.12.2  Aircraft  Reports  (See  Fig  3,37) 


Sampling  airrraft  reported  the  following  cloud  data:  H  +  11 
air.  -  41,500  to  /, 1,700  ft  top  of  cloud;  H  +  23  min  -  41,700  ft  top  of 
cloud;  H  +  32  rin  ••  42,800  ft  top  of  cloud. 

3.12.3  Theodolite  feta 

Theodolite  vocation:  Control  Point 
Horizontal  Distance  to  BurBt  Point:  61,859  ft 
Bearing  to  Burst  Point-  143*525° 

Burst  Height:  3477  ft  KSL 

3.12.4  Comparison  of  Cloud  Height  ObBervallons 

Camera,  theodolite  and  aircraft  data  agree  quite  well  on  maxi¬ 
mum  height. 

3.12.5  Weather  Pita 

Clouds:  Clear 
Visibility:  15  mi 
Weather:  None 

Shot  Height  (3477  ft  MSL) ■  Temperature,  18.5°C;  Pressure,  880 
mb;  Potential  Temperature,  302°K 
Pseudo -Adiabatic  Chart:  Fig.  3.38 

Wind  Direction  and  Speed?  foe  Fig.  3.39 

3.12.6  Comparison  of  Cloud  and  leather  Ehta 

Tho  lapse  rate  curve  ind^ates  small  inversions  at  approximately 
10,000  ft  and  21,000  ft  which  did  not  appear  to  affeot  the  cloud  rise. 
Unstable  layers  ocour  from  surface  to  10,000  ft  and  18,000  to  21,000 
ft.  The  maximum  cloud  height  seems  to  have  occurred  at  the  tropopeuse 
height.  The  wind  speed  data  indicate  a  strong  shear  between  20,000 
to  25,000  ft. 

3.12.7  Array  Map  Service  Volume  Analysis 

The  photographic  materials  of  Shot  12  were  inspected  upon  re¬ 
ceipt  and  were  found  to  be  of  good  quality.  The  image  of  the  cloud 
was  good  on  all  exposures  except  the  initial  photograph  which  was 
completely  over-exposed  by  the  intense  light.  These  materials  were 
found  satisfactory  for  continuation  of  the  planned  procedures. 

The  orientation  data  listed  below  were  determined  to  be  Vo 
minimum  necessary  for  use  of  t* ;  photography  as  planned.  Field  values 
are  shown  where  available,  l/e  remainder  of  the  necessary  data  was 
determined  in  the  offioe  photogrammetrically.  These  values  are 
underlined. 
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TIME  (MINUTES) 
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Fig.  3.10a  Cloud  Diameter  vs  Time,  Siiot  4  (EG&G  Analysis) 


0*8 


133JOTIX-S31VNIOHOOO  MJ.M0N 


8 
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TAH.E  3.11  -  Thmdnltte  Dnt.n,  Shot.  11 


Time 

(min) 

Elevation 

Anglo 

Horizontal  Distance 
(«.) 

Cloud  Height 
(ft  MSL  J 

0.0 

-- 

t>8,534 

4,542 

0.5 

3.0 

68,534 

7,73C 

1.0 

4.7 

68,534 

9,770 

1.5 

5.6 

68,534 

10,950 

2.0 

6.8 

68,534 

12,315 

2.5 

7.7 

68,534 

13,400 

3.0 

3.2 

68,53/ 

14 ,020 

3.5 

6.5 

68,1  Of' 

4.0 

8.7 

67,700 

14,560 

4.5 

8.9 

67,250 

15,340 

5.0 

9.2 

6b, 875 

14,960 

5*5 

9.5 

66,500 

15,270 

6.0 

9.65 

66,125 

15,390 

6.5 

9.8 

65,800 

15,510 

7.5 

9.75 

65,000 

15,310 

8.0 

10.1 

64,700 

15,660 

9.0 

9.3 

63, BOO 

14,580 

1'ASLE  3.12  -  Tft«naolite  B«ta,  Shot  12 


Time 

(min) 

Elevation 

Angle 

Horizontal  Distance 
(«) 

Cloud  Height 
(ft  MffJ 

0.0 

- 

a,  859 

3,477 

0.5 

5.8 

ui.855 

10,420 

1.0 

10.6 

62,200 

15,79c 

1.5 

14.3 

62,550 

20,040 

2.0 

17.? 

63,000 

23,660 

2.5 

19.5 

63,875 

26,720 

3.1 

21.9 

65,000 

30,220 

4.0 

22.6 

67,  BOO 

32,340 

5.0 

25.1 

70,950 

37,340 

6.0 

25.7 

74,250 

39,720 

7.0 

25.3 

78,100 

40,990 

8.0 

24.3 

82,250 

a, 240 

9.0 

23.0 

87,100 

41ir2^ 

10.0 

22.1 

92,000 

41,490 

11.0 

21.1 

97,200 

41,540 
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WO  ISO  170  SlO  8SO  OJO  070  HO  ISO  190  °Q  10  {0  V)  40  SO  90 

WIND  DIRECTION  WIND  SPEED  (KNOTS) 

Fig,  3.12  Wind  Speed  und  Direction,  Shot  4 
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Geodetic 

Camera 

Camera 

Tosition 

Shot  12  West 

Shot  12  East 

Tower 

latitude 

36o43*05.3" 

36°42’4B.5" 

36©47' 53.7" 

longitude 

115° So' 14.7” 

115°  54' 47. 2n 

n5°55'44.5" 

Elevation 

3640  ft 

3960  ft 

3472  ft  (tip) 

Inclination 
of  camera 

22°36« 

21°271 

axis  from 
horizontal 
Included 
angle,  camera 

72°30' 

75°15’ 

axis  with  camera  base  line 

A  pair  of  preshot  photogruphs  Was  set  In  the  SteraoplAnlgr^pi. 
and  oriented  with  the  aid  of  the  above  data.  The  orientation  of  a 
shallow  depth  zone  ceniered  at  the  tower  (visible  on  the  photographs) 
was  satisfactory. 

Phase  T  -  A  stereo  pair  cf  photographs  taken  at  approximately 
zero  hour  +  in  sen  van  selected  as  the  first  test  model  to  be  set.  Due 
to  the  non-synchronization  of  the  camera i ,  the  photographs  were  not 
taken  at  the  Bane  instant.  The  time  difference  could  not  be  determined 
and  nay  bo  as  much  as  3  to  5  sec. 

The  instrument  .rientation  obtained  with  the  proshot 
photographs  was  retained  when  tv- :  selected  photographic  pair  was  set  in 
the  Instrument.  This  was  planner:  to  provide  an  •>x'lu;;*ed  three  dimen¬ 
sional  model  without  further  adjustments  being  required.  This  did  not 
prove  to  be  the  case.  However,  investigation  revealed  that  small 
portions  of  the  model  could  be  viewed,  stereosco^ticully ,  by  adjustment 
of  the  lateral  instrument  motions.  This  inability  to  form  a  complete 
three  dimensional  model  wus  due  the  uneven  expansion  of  the  various 
sections  cf  the  cloud  and  the  time  difference  between  the  two  photos 
used. 

Phase  II  -  The  photographs  used  above  were  taken  when  the  rate 
of  expansion  was  quite  rapid  (about  210  ft/oec) .  It  was  felt  that 
photographs  taken  later  might  yield  better  results  due  to  a  lower  ex¬ 
pansion  rate.  A  pair  of  r  hi  *  to  graphs  taken  at  about  aero  +  2  sir.  was 
placed  in  tne  instnanent.  In  this  case  the  expansion  did  appear  less 
but  the  drift  of  the  upper  part  of  the  cloud  was  much  faster.  Again 
only  small  portions  (1-2  per  cent  of  total  cloud  area)  of  the  model 
could  be  oriented  successfully  at  one  time.  An  attempt  was  made  to 
contour  a  portion  of  the  cloud.  It  was  necessary,  in  order  to  fuse  the 
images,  to  constantly  adjust  the  instrument.  In  this  manner  it  was 
possible  to  keep  the  measuring  murk  on  the  surface  of  the  cloud  and  to 
trace  out  contours  of  a  small  area,  however,  since  the  orientation  of 
the  model  was  not  absolute,  the  movement  of  the  instrument  motions 
influenced  the  contour  dr turn  and  each  contour  is  not  in  a  true  plane.  2ven 
if  this  effect  ware  not  present  the  contours  would  not  be  valid  contours 
of  the  cloud  shape  at  any  one  instant  because  of  the  time  difi crcrce  be¬ 
tween  the  two  exposures  used.  It  was  therefore  decided  that  further 
attempts  to  utilize  this  photography  l'or  stereo  compilation  were  not 
feasible. 
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Phase  III  -  During  the  study  of  the  photography,  the  possibility 
arose  of  measuring  the  rate  of  expansion  and  drift  of  the  cloud  by  using 
a  series  of  the  existing  photographs  from  one  station  and  superimposing 
the  .  The  drift  direction  of  the  cloud  on  this  test  has  b**n 

determined,  Lj  meteorological  data,  to  be  almost  perpendicular  to  the 
axis  of  the  camera  at  Station  Shot  12  East.  This  insures  :hat  t'.a 
scale  of  the  photography  at  the  cloud  distauue  be  determined  quite 
accurately  throughout  the  time  period  1  hat  the  cloud  is  included  in  the 
photography.  With  the  scale  known,  the  rate  of  expansion  (horizontally 
and  vertically)  and  drift  (at  different  altitudes)  may  be  approximately 
determined.  As  volume  is  determined  by  the  rate  of  expansion,  indica¬ 
tions  of  the  volume  could  be  determined  for  various  t5mea  after  zero 
hour. 

A  preliminary  instrument  oti  dy  of  this 
been  made.  Although  few  measurements  were  made  it  is  evident  that  the 
expansion  rate  varies  throughout  the  cloud.  No  complete  study  h&a  been 
made  of  the  accuracy  chut  may  be  achieved  but  it  is  balieved  that  about 
75  per  cent  accuracy  may  be  expected. 

No  factual  data  on  the  cloud  volume  were  obtained. 
Feasibility  of  u.v  of  photogramnetric  methods  on  this  type  of  shot  was 
neither  proved  nor  disproved  because  of  non-synchronization  of  photo¬ 
graph  pairs  due  to  radio  signal  failure. 

3.13  SHOT  13 

3.13.1  hdgerton,  Germeshauseu  ••  Crier  Phot.r»gvui Me  Analysis 

Cloud  data  represented  in  Figs.  3.43*  and  3.43a  were  computed 
from  camera  records  collected  at  Amargosa  and  Angel's  leak  stn  Iona. 
Figure  3.43b  was  computed  from  the  same  records. 

3.13.2  Aircraft  Reports  (See  Fig.  3.43) 

Sampling  aircraft  reported  the  following  cloud  data:  tf  +  15  min 
-  40,500  it  top  of  cloud. 

3.13.3  Theodolite  Data 

Theodolite  Location:  Control  Point 
Horizontal  Distance  to  Burst  Point:  45,371  ft 
Bearing  to  Burst  Point:  341.955° 

Burst  Height:  4736  ft  MSL 

3.13.4  Comparison  of  Cloud  Heigh t  Observations 

Theodolite  measurements  appear  to  be  erroneous  after  7  min  com¬ 
pared  with  the  more  reliable  photographic  measurements.  This  is  perhaps 
due  to  the  edge  of  the  cloud  obscuring  the  actual  cloud  top  which  may 
explain  the  8000  ft  discrepancy  at  14  min. 

*  Fig.  3.43  curve  in  constructed  as  '.he  best  fit  curve  from  c  ated 
points  not  indicated  on  this  chart. 
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3.13.5  Weather  P  a 

Clouds :  Clear 
Visibility:  15  mi 
Weather:  Hone 

Shot  Height  (4736  ft  MSL) :  Temperature,  15,6DC;  rrerr.uref  '55 
mb;  PoUintial  Tnmporature,  302°K 
Pseudo-Adiabatic  Chart:  See  Fig.  3.44 
Wind  Direction  and  Speed:  See  Fig.  3.45 

3.13.6  Comparison  of  Cloud  and  Weather  Cuta 

The  cloud  behaved  very  much  according  to  expectations.  It  pen¬ 
etrated  the  stratosphere  only  2000  ft  above  the  trupopauae  bu-rivr  at 
4l#000  ft.  There  were  no  abrupt  shears  in  the  speed  and  direction  of 
the  wind  which  averaged  about  2$  knots  from  190°.  The  lapee  rate  curve 
was  relatively  unstable  from  6000  to  12,000  ft  and  again  from  19,000  to 
25,000  ft  which  would  tend  to  increase  the  amount  of  rise. 

3.14  SHOT  U 

3.14.1  fcdgerton,  Cermeshausen  &  drier  Photographic  Analysis 

The  cloud  data  indicated  it  Fig.  3.46*  und  3.46a  were  computed 
from  camera  records  collected  at  Ai^rgosa  and  Angel’s  Peak.  Figure 
3. 46b was  computed  from  the  same  records. 

3.14.2  Alroraft  Reports  (Gee  Fig.  3.46) 

Sampling  aircraft  reported  the  following  cloud  data:  H  +  IS 
min  -  37,2C0  ft  top  of  cloud. 

3.14.3  Theodolite  Pita 

Theodolite  Location:  Control  Point 
Horizontal  Distance  to  Burst  Point:  59,024  ft 
Bearing  to  Burst  Point:  8.735° 

Burst  Height:  4745  ft 

3.14*4  Comparison  of  Cloud  Height  Observations 

Photographic  and  theodolite  measurements  agree  quite  well, 
-..rough  5  min  after  which  time  only  essential  features  agree  such  as  a 
sinking  of  cloud  at  7  min  followed  by  a  slight  rise.  However,  the  max¬ 
imum  heights  reached  differ  by  aboua  5000  ft  suggesting  once  more  the 
dubious  reliability  of  theodolite  measurements. 


Fig,  3.46  curve  is  constructed  as  tt?  best  fit  curve  from  cor\'v+ed 
points  not  indicated  on  this  chart. 
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3.14.5  Weather  &>ta 


Clouds:  Clear 
Visibility:  15  mi 
Weathe” :  Nore 

'hot  Height  (4745  ft  MSL) :  Temperature,  2.1°C?  Pressure,  851 
mbj  Potential  Temperature,  2Sw°K 
Pseudo-Adiabatic  Chart:  See  Fig,  3.47 
Wind  Direction  end  Speed:  See  Fig.  3.48 

3.14.6  Comparison  of  Cloud  and  Weather  C&ta 

The  height  predicted  for  this  cloud  was  overestimated  ty  2000 
ft.  This  error  can  perhaps  be  attributed  to  the  stable  layer  between 
20,000  and  27,000  ft  which  was  coincident  with  a  strong  vertical  , ?c 
in  the  wind  speed.  Also,  a  shallow  inversion  existed  at  34,000  to 
35,000  ft.  Doth  of  these  features  would  tend  to  hinder  the  cloud  rise, 
The  cloud  stopped  rising  in  the  middle  of  u  thick  layer  of  strong  (65- 
70  knots)  weecerly  winds.  The  lapse  rate  curve  was  stable  throughout 
the  cloud's  vertical  trajectory. 


TAELE  3.I3  -  Theodolite  Data,  Shot  13 


Time 

(rain) 


0.0 

- 

0.65 

U.3 

1.0 

16.1 

1.5 

20.6 

2.0 

23.3 

2.5 

25.9 

3.0 

27.9 

3.5 

29.9 

4,0 

31.0 

4.5 

32.1 

5.0 

32.9 

5*5 

54.2 

6.3 

34.6 

6.5 

34.8 

7.0 

34.9 

7.5 

35.0 

8.5 

35.3 

9.5 

34.7 

10.0 

34.2 

10.5 

34.0 

11  .0 

33.6 

11.5 

33.3 

12.0 

32.8 

12.5 

14.0 

32.7 

31.5 

Elevation 

Angle 


.'izontal  Distance 
(ft) 

Cloud  Height 
(ft  M£L) 

45,371 

4,736 

45,930 

13,305 

46,810 

17,635 

48,240 

22,240 

49,450 

25,400 

50,320 

28,540 

51,080 

31,16c 

51,740 

33,860 

52,320 

35 '370 

53,100 

37,440 

53,900 

39,030 

54,8.30 

41 ,410 

55,900 

42,660 

56,930 

43,690 

58,000 

44,630 

59,200 

45,  ao 

61,500 

47,730 

64,000 

40,430 

65,32U 

48,490 

66,700 

49,080 

68,050 

49,330 

69,450 

49,780 

7o,aoc 

49,810 

72  f 240 

50,^. 

'6,500 

51 ,03' 
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TAHE  3 .14  -  Theodolite  Date.,  Shot  14 


Time 

(min) 

He  vat  ion 
Angle 

Horizontal  Distance 

in) 

dcud  Height 

(ft  ws.) 

0.0 

- 

59,024 

4,745 

0.5 

7.7 

58,650 

1.0 

12.85 

57,800 

17,330 

1.5 

17.1 

57,330 

21,760 

2.0 

20.8 

58,000 

26,180 

2.5 

23.4 

59,500 

29,880 

3.0 

25.5 

a.  ,050 

33,240 

3.5 

26.7 

62,800 

35,71u 

4.0 

27.1 

65,100 

37,420 

4.5 

27.1 

67,400 

38,580 

5.0 

26.6 

69,550 

38,930 

5.5 

26.5 

71,800 

39,930' 

7.0 

23.7 

79,600 

39,110 

7.5 

33 .3 

82.200 

39,530 

8.0 

22.5 

85,150 

39,390 

a.5 

22.6 

87,750 

40,590 

9.0 

22.0 

90,250 

40,630 

9.5 

Z1.5 

93,»0 

40,  ao 

21.0 

95,300 

40,720 

10.5 

98,000 

40,730 

11.0 

20.1 

LOO, 800 

41,030 

11.5 

19.4 

103,250 

40,530 

12.0 

19.0 

106,000 

40,680 

12.5 

18.7 

108,800 

40,930 

3.15  APPLICATION  OF  CLDUD  DATA  TO  PRESENT  PREDICTION  METHODS 

The  consolidated  data  of  this  series  were  applied  to  the  Sutton 
and  Taylor  equations  of  TaHo  1,1  and  solutions  verd  obtained  for  the 
yield  paranater,  Computations  were  made  Independently  using  the  max¬ 
imum  rise  of  both  cloud  centers  and  cloud  tops  for  the  height  parameter. 
The  results  are  illustrated  in  Figs.  3.50  and  3.50a  and  also  in  Fig, 
3,50b  in  the  form  of  percentage  error  in  computed  yields,  where  assigned 
yields  (adjusted  to  MSL)  were  assumed  correct.  It  is  evident  in  Fig, 
3.50b  that  Shot  5  presents  a  special  case  for  reasons  not  yet  deter¬ 
mined,  The  initial  height  prediction  for  this  shot  was  10,000  ft  too 
low.  The  following  general  statements  do  not  take  this  shot  ii'r  con¬ 
sideration.  None  of  the  equations  succeeded  in  systematically  predict¬ 
ing  the  yield  with  acceptable  aocuracy.  The  use  of  maximum  rise  of 
cloud  centers  for  the  height  j-arameter  produced  the  best  results  but 
verified  only  within  approximately  a  factor  of  t’/o.  Both  versions  of 
the  Taylor  equation  achieved  this  limited  accuracy  whereas  only 
Sutton’s  vertical  rise  equation  did  ay  well. 
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TAS-E  3.I5  -  Computed  Potential  Temperature  Excess  (A0n) 
for  TEAPOT  Shots  (at  moment  when  cloud  begins  to  rise; 


Shot 

Ti el 

Ld 

Computed A 9Q  (°C)  using  a  height  parameter 
equal  to  the  amount  of  ris°  of  tdoud 

Assigned 

Adjusted 
to  MS. 

Center 

Top 

1 

1.2 

1.4 

42 

66 

2 

2.5 

2.9 

113 

217 

3 

7.0 

8.2 

192 

547 

4 

43.0 

51.0 

1736 

3645 

5 

3.6 

4.2 

580 

1189 

6 

3.4 

9.9 

612 

1370 

7 

1.2 

1.4 

* 

a 

8 

15.5 

17.9 

183 

388 

9 

3-1 

3.7 

# 

* 

10 

3.1 

14.3 

407 

4D7 

11 

1.5 

1.8 

38 

53 

12 

24.0 

27.6 

723 

1760 

13 

30.0 

35.6 

1201 

2402 

14 

28.0 

33.4 

587 

1373 

•Data  insufficient  cr  unsuitable  for  computation* 


The  Machta  equation  was  used  to  determine  representative  poten¬ 
tial  temperature  excesses  existing  in  atomic  clouds  at  the  moment  the 
cloud  as  a  whole  begins  to  rise.  The  assumption  of  a  constant  mass 
entrainment  value  of  0.5  x  10"3m~l  was  made  for  dVi/Kdz,  Agair_  the 
computations  were  made  independently  using  the  amount  of  rise  for  both 
cloud  centers  and  cloud  tops  as  the  height  parameter.  The  results 
shown  in  Table  3.15  do  not  reflect  the  desired  direct  relationship  with 
yield.  Whether  or  not  the  values  shown  represent  the  true  picture 
cannot  be  ascertained  because  actual  values  for  the  temperature  excoss 
of  atomic  clouds  have  not  been  recorded  thus  far. 
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With  the  exception  of  Shota  7  ami  9,  when  data  were  insufficient 
or  unsuitable  for  computation,  an  attempt  was  made  to  determine  the 
character  of  volume  entrainment  d^/^d  z  a9  the  cloud  risen.  The  crude 
assumption  was  made  that  the  atomic  cloud  maintained  the  general  shape 
of  nn  oblate  **pheroid  throughout  its  evolution.  The  LB&G  cloud  data 
enabled  us  to  compute  volumes  as  shown  in  Fig,  3,51.  The  rloud  asso¬ 
ciated  with  Shot  10  was  a  circular  torus  ring,  however,  KG&G  data 
indicate  that  a  oross-seation  of  the  ring  had  an  elliptical  shape.  In 
this  case,  the  volume  was  determined  accordingly  and  hence  the  volume 
computations  should  be  more  representative  than  that  of  the  other 
shots.  The  role  played  by  moisture  advection  (through  entrainment) 
in  determining  the  apparent  size  of  the  oloud  is  brought  into  fooufi  by 
the  curve  for  Shot  10  where  moisture  wus  relatively  absent.  Otherwise, 
the  volume  aeeina  to  be  a  function  of  yield  in  general,  ao  expected. 

Values  of  volume  entrainment  wore  then  computed  and  plotted  against 
height  of  oloud  center  in  Fig.  3,52.  Only  values  for  Shots  3,  4,  5»  6, 
a,  12,  13,  and  14  are  shown  in  the  graph  booauso  other  shots  were  of 
too  low  a  yield  to  produce  a  great  enough  height  range  between  burst 
and  stabilization  to  establish  a  definite  trend.  The  curve  for  Shot  4 
is  omitted  for  the  sake  of  clarity  but  is  very  similar  to  that  for 
Shot  13,  The  volume  entrainment  for  Shot  10  was  negative  after  0.5  min 
and  is  not  shown  in  the  graph.  The  overall  results  are  in  good  agree¬ 
ment  with  previous  work  along  t!r.c  line,  T4/  Cne,  therefore,  seems  quite 
justified  in  assuming  that  volur  ’  entrainment  is  insensitive  to  yield 
and  relatively  constant  at  o  value  of  0,5  x  10“3m“l  between  approximately 
15,00  und  35,000  ft. 

As  a  final  step,  a  compare  sc.,  was  made  of  t\  j  vuj  ious  prediction 
methods  o^her  than  by  the  use  of  the  dynamic  equations  of  Table  1,1,  A 
tabulation  of  the  results  appears  in  Table  3,1?  .  The  surprising  feature 
of  this  table  is  that  Column  5,  and  not  Columns  7  or  9.  as  one  should 
expect,  produced  the  best  resu1f",  This  situation  points  out  the  great 
need  for  further  refinement  of  the  regression  equation  to  render  it  more 
suitable  for  operational  use,  Perhaps  the  equation  should  encompass 
more  parameters,  c.g.,  moisture  content  of  the  ambient  atmosphere.  Also, 
departures  from  standard  conditions,  in  each  case  considered,  may  bo  a 
better  measure  of  the  atmosphere's  influence  upon  cloud  rise  than  the 
present  scheme  of  using  absolute  values. 
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TIME  (MINUTES) 

Fig.  3.17  Cloud  f  lee  vs  7'ine,  Shot  6 


EAST  COORDINATES  — KILOFEET 
FIs.  .’-.17b  CXoad  Drift,  Shot  6  (EGfcT- 


THOUSANDS  OF  FEET  (MSU 


O  770  »C  »  OM  W  IIO  0  10  *0  SO  *0  90  M  TO 

WIND  DIRECTION  WHO  SPEED  (KNOTS) 


Fig.  3.19  Wind  Speed  and  Direction,  Shot  *> 
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Fit;.  3.22  Wind  Speed  mid  Direction,  Shot  7 
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3.21  Cloud  :  iS5  vs  Time,  Shot 


CAST  COORDINATES-  KILOFEET 


Fig.  3.25  Wind  Speed  and  >Lrection,  She*  2 
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3.ac«  Shot  7  Clou-.1  (approx  II  i  7  3t»o).  Hot©  jets. 


Fig.  3.26b  Shot  fi  Cloud  '  uft<rox  H  +  1  llin). 

Hot©  bomb  light  mirrounding  mushroom. 
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Fig.  3.30  Cloud  Rise  vs  i  <  me ,  Shot  10 
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COORDINATES  -  KILOFEET 
Drift,  Shot  10  (EG&G  Ai 
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Fig.  3 .32  Wind  Speed  end  Direction,  Snot  10 
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FiS.  3.33a  Shot  9  loud  (approx  II  ♦  12  soc) 
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Fig.  3.33c  Shot  XO  Cloud  (ap^rcoc 
H  +  15  sec) .  Note  lack  of  density 
of  ring. 


Fig.  3.33d 
H  +  90  sec) 
of  ring. 


Shot  10  Cloud  (approoc 
.  Note  lack  of  density 
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Cloud  Rise  vs  Time,  Shot  11 


NORTH  COORDINATES -tULOFEET 


Fig,  3.34b  Cloud  »ift,  Shot  11  (EGW  Analysis) 
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seudo-Adi&batic  Chart.  Shot  II 
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EAST  COORDINATES  -  KILOFEET 

Fi-  3.37 1>  Cloud  Drift,  Shot  12 


wind  Bisection  wind  speed  iknotsi 


rig,  WIW  ‘ 


he  l  12 
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Fig.  3.40  Shot  12  Cloud  (appro* 
a  +  15  Bee) .  Unto  good  cloud 

definition. 


Fig.  3.41  Shot  12  Cloud  (appro* 
H  +  200  sea)  .  Note  good  cloud 
definition. 
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Fig.  3.42a  Shot  12  Cloud  ,-pprcK  H  +  31  sec).  Photo  taken 
from  42,00"'  ft  bove  burn-*  with  a  KA-3  camera. 


«*  ,= 

Fig.  3.42b  Shot  12  Cloud  (apprcr»-  11+  42  sec).  Photo  talc*>n 
fron  42.000  ft  above  burst  with  a  IU-3  camera. 
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Fig.  3.42c  Shot  12  Cloud  .Vpjarooc  H  +  46  sec).  Hioto  taken 
from  42,000  ft  -bove  burst  with  a  KA-3  camera. 


Fig.  3.42d  Shot  12  Cloud  (approx  H  +  54  sec).  Photo  taken 
from  42,000  ft  abovi  buret  with  a  VA-3  camera. 
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Fig.  3.42e  Shot  13  Cloud  (apprcoc  H  +  6  sec).  rhoto  taken  from  42,000 
ft  above  b'ar st  with  a  KA-3  caaara  mounted  vertically  on  aircraft. 
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EAST  COORDINATES -K I LOFEET 


Fig.  3.43b  Cloud  Drift,  Shot  13  (EGK;  Analysis) 
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WIND  DIRECTION 


WIND  SPEED  (KNOTS) 


Fig.  3.45  Wind  Speed  nnu  rection,  Shot  13 
122 
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Pig.  3.49  Shot  14  Cloud  (approx  11+1  min) .  Hot©  non 

uniformity  of  Btern  and  residual  lip  to  mushroom. 


SECRET  -  RESTRICTED  DATA 


luNOJO'ino-arjiA  aiAMJonc 

129 

SECRET  -  RESTRICTED  DATA 


Actual  Yield  vs  Computed  Yield  -  Using  Jucya.icy  Concept 


131 


SECRET  -  RESTRICTED  DA. 


i 


3.5Cb  Perea  t  it  age  Yxror  in.  Confuted  Yield  ^ssiniug  iictu&l  Yield  is  Correct 


TIME  (MINUTES) 


Fig.  3.f*l  Computed  Cloud  Volume  ve 
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VOLUME  ENTRAINMENT,  |)(  ,  (IO'5m') 


Fig,  3,52  Volume  fchtrainment  vs  Height  of  Cloud  Center 


133 

SECRET- RESTRICTED  DATA 


CRA7TKR  4 

conclusions  and  HEcgjMEaarukTicws 


4.1  CONCLUSIONS 

The  limitations  of  theodolite  neaauremants  were  again  quite  clear. 
The  experience  on  <*ixc  TEAPOT  series  wide  i'uriner  proof  to  the  dubious 
accuruo/  of  theodolite  data  for  earlier  tent  series.  In  particular, 
readings  after  &-10  minutes  shoOd  be  carefully  examined  for  validity. 
According  to  EG&G  photographic  analysis  of  some  of  the  bursts,  the  wind 
drift  correction,  ac  compared  tc-  diotogramraetrlc  trl&ngulation  methods, 
does  not  appear  completely  t.UU. "  In  generrj.  Lhe  wind  data  smooth  out 
directions  and  magnify  the  disU\ic*s. 

Cloud  btise  data  can  be  relied  upon  only  with  extreme  caution. 

All  methods  of  observation  used  Iiavo  on  inherent  subjective  bias  in  the 
determination  of  the  actual  bane  of  the  mushroom  cloud.  A  sharp  Hie 
of  demarcation  ia  usually  not  discernible  due  to  various  reasons,  c.g., 
obstructing  clouds,  lack  of  proper  lighting  contrast  duo  to  shot  time, 
irregular  cloud  features  end  layer  formations  in  t‘u  atom  portion  of 
the  cloud  due  to  wind  shears,  gradual  transition  '.'rom  mushroom  to  stem, 
etc.  In  general,  it  is  reasonable  to  assumo  that  moot  cloud  Mse 
reports  are  at  best  a  compromise. 

The  application  of  actual  TEAPOT  data  to  the  current  idoas  about 
vertical  cloud  grovtb  loeves  much  to  be  desired.  The  displ&comant  of 
cloud  centers,  rather  than  cloud  tops,  produced  somewhat  bettor  results 
when  dynamic  theory  is  applied  but  the  necessity  for  further  rofinemunt 
is  quite  clear,  tore  reliable  hMghtG  for  clond  baces,  which  In  con¬ 
junction  with  heights  of  oloud  tope  determine  the  height  of  cloud 
centers  used  in  the  equations,  might  enhance  the  reliability  of  the 
dynamic  approach.  The  use  of  these  equations  to  determine  yield  from 
observed  cloud  rise  also  falls  short  of  the  desired  accuracy. 

The  regression  equation  requires  a  redeterni nation  of  it;>  con¬ 
stants  in  the  light  of  more  recent  data  which  ere  considered  more 
reliable .  The  introduction  of  other  atmospheric*  parameters,  e.gt> 
moisture  advection  through  entrainment,  might  result  in  some  further 
improvement.  The  use  of  departures  from  the  mea.-.  for  terms  Vkc, 
tropopause  height*  lapse  rates,  and  wind  in  an  actual  sou-ilug, 
may  be  a  better  measure  of  tlio  atmosphere 1  s  role  in  uetemiining  cloud 
growth  and  development . 
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The  use  of  a  fixed  aaartaun  rire  for  all  yield-  .'olT  !*»»  withir  r 
given  range  doe  a  not  ceen  Justified  5ji  the  light  of  tv*  1  *t&  --•*  **  A* 

3ert.es . 

Perhaps  one  of  the  mo3t  interesting  hur of  th«  •  vua  the 
higji  altitude  shot.  The  holght  attained  by  that  oxoid  d. J.  .•••<;  ;*w*tnna 
tho  forecast  height.  In  comparison  with  tie  unual  stability  ■£  tl. - 
stratosphere,  the  presence  of  relatively  unstable  oond.lt_.-u,  bemoan 
40,000  end  52,000  ft  at  shot  tine  may  also  have  contributed  uo 
error  In  the  forecast  height.  Paradccdcally,  tho  near  absenoe  of 
moisture  in  the  stratosphere  should  Imve  restricted  the  apparexxt  size 
of  tho  cloud  and  therefore  its  apparent  riso.  Tho  former  was  verified 
by  cloud  volume  computations ,  which  show  a  deorwur.o  In  the  apparent 
volujne  after  0.5  minutes j  however,  the  latter  ceevau  to  liave  produoed 
the  rovorao  effect. 

The  moot  evident  m-iteovologioal  affect  on  cloud  evolution  notloed 
during  tills  series  wno  •«*  dampening  influonoe  of  the  tropopause  on 
oloud  rise.  Generally,  attempts  to  correlate  neieorologiool  parameters 
with  oloud  height  were  noh-oonolusive . 

Tills  teat  pro vad  that  photogrtunetrl  c  method;,  ocanot  bo  used  for 
volumetric  determinations  on  high  oll/Uudu  or  prelawn  shots.  Due  to 
field  difficulties  enoountered  on  Shot  12,  the  feasibility  of  using 
photogrannotrlc  ,-aothods  on  daytin-'  tone:.  shots  was  not  determined.  The 
dominant  foot or  in  the  failure  of  •  he  test  was  the  non-syohroaization 
of  the  oornsra  due  to  radio  signal  failure.  This  -reoluded  determining 
the  effect  of  the  following  faotvr  on  the  test:  >}  Asymmetrical 
shape  of  olmid,  (2)  effect  of  rapid  >ift  *e.bo.  at  top  of  oloud,  upon 
instrument  projection  distances,  tv  id  13)  variations  in  density  in 
different  parts  of  the  oluud.  Portions  of  the  olo'd  are  of  low  density 
and  contouring  would  probably  rot  be  pcwsible. 

SAC  abovo-burat  cloud  photo*.  wwe  only  of  curlitstive  use  because 
of  complo^ty  of  geometry. 

4.2  rmaomioiic 

It  appear 3  that  further  study  or.  euiuating  and  future  cloud  data 
is  necessary  to  clarify  the  dynamics  of  cloud  evolution. 

Additional  field  opomtioro  and  prelimiiiary  office  study,  are 
required  to  drove  tho  feasibility  of  volumetrSo  determination  by  photo- 
gramnetric  compilation. 

The  preliminary  office  study  slier .'11  include  improvement  of  the 
basic  plan  used  on  this  test  aai  investigation  of  possible  major  changes 
in  procedure .  items  to  be  studied:  (1)  Improvement  of  synchronization, 
(2)  use  of  convergent  photography,  (1)  use  of  photo  theodolites,  (4) 
area  of  cloud  that  may  bo  compiled  from  vue  model,  (5)  length  of  ..a-itfra 
base,  (6)  use  of  camera  tai-geta,  (?)  ."imitation  of  camera  axio  relative 
to  drift  dice  at  lor,  (c‘)  number  of  oemp,-'.  i  and  hr.-, os  to  be  used,  (9)  use 
of  focal  lengths  of  other  than  6  inch,  (.10)  camera  station  locations , 
and  (Ul)  effect  of  safety  regulations  on  test  procedure. 
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